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571 ABSTRACT
In a high-energy ultrasound therapy method and zpparame,
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Ian, 21, 1964 [WO] PPD e cemerees PCT/ERSLO007D supplying an electronic signal to said uitrasound wansducer
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(51] Int CL® ASIB 17/00 .y 3 wideband elecronic signal of the random or pseido-

[52] 1.S8.CL 601/2; 60173 random type.

[58] Field of Search — .. 128/560.03; 60172
60L3; 607/97 22 Claims, 5 Drawing Sheets
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HIGH-INTENSITY ULTRASOUND THERAPY
METHOD AND APPARATUS WITH
CONTROLLED CAVITATION EFFECT AND
REDUCED SIDE LOBES

This patent applicaticn is a continuation of 1.8, Ser. Na.
03/396,160, entitied High Intensity Ultrasound Method and
Apparams with Conmolled Cavitaton Effect and Rednesd
Side Lobes, filed on Feb. 28. 1995 and fssued 25 U.S. Pat
No. 5573497, US. Ser. No. 08/396.160 claims priority
based on French Patenr Application No. 94/02322 dared
Mar. 1, 1994 and is 2 continuation-in-part of U.S. Scn No.
08/307.719 and fited on Nov. 30, 1994 and pow abandoged.
which is based oo PCT/FROA/Q0070 dated Jam, 21, 1994
which claims priority based on French Patent Application
No. 93/00662 dated Jan. 72, 1993. The subject applicstion
claims priogity besed on all of the above United Stares and
foreign applications.

BACKGROUND OF THE INVENTION

The present invention relates to a therapy method and
apparatus for penerating high-intensity ulrasonnd with con
ol of cavitstion cifact, and to the use of this method and
apparatus for redecing secondary lobes setup by 2 periodie-
[¥pe sTucture.,

It is kmown that ultrasound therapy. nsing a piczoelectric
Tansducer driven by sinewave-type electronic signals makces
it possible to create tizsue lesions through tissue heating due
o ultrasound absorption. Forthermare, such tissue lesipns
can be limited o 2 specific volume by carrying out therapy
using focused ultrasound. which is particularly valuable for
achieving effective trestment in caneer therapy such as. for
cxample, cancer of the prostete, breast. brain, etc.

Existing hyperthermia apparatis using ultrasound heats

mmars to a moderate temperamre of the ordar of 42.5° C. for

a fime of the order of onc hous :

Since hyperthermia treamnent may be insufficient. it czn
be advantageous to attempl to obtasin much higher
emperatures, for examrle of aroond 80° C.. with a view o
sensitizing cells or completely desmoving them. To achieve
this, it is necessary to supply acoustic energy to the tisspe
over a brief period, gencrzlly of the order of a faw saconds,
in order, notably, to aveid heat loss by naturel mansfer,
potably due to Bood ciculation, throughout the tssue
Sufficient energy nesds 1o be used and this implies using
high ulrasound intensity.

This however brings onc op against the technical prob-
lerns resulting from caviration phenomena which become
E¥en more accenmated 2s scoustic intensity increases, as has
been described in detsil by E. Hynynen in “The threshold
for thermally significant eavitstion in dog's thiph muscie in
vivo" published in Ulirasourd In Medicine and Biology. vol
17, No.2, pages 157=-171. (15991).

Acoustic cavitation covers any physical phenomens
involving the activity of bubbles or micro-bubbles of gas
undergoing movement &s a result of an scoustic fisld.

Two types of cavitation czn generally be distinguished:

stable eavitaton where the walls of the bubbles are

oscillating 2t the frequency of the ultrasound fisld
without too great a consequence for the surrounding
cells, but which considerably disturbs ultrasound mans-
mission by reflecting or scattering incidant waves. This
phencmenon can appear af very low pressure lovels as
soon as bubbles are pressnt in the medium:
ransitry cavitadon whers bubbles expand up to their
resonant size. and than implode violently. In this case,

2

the eoergy accumulared oy the bubbles iz simults-
neously released in the form of a shock wave, with
intense heat (geperally fom 1000° to 20000° K and
microjets that can reach speeds of 100 m/fs. All this
5 leads to the creation of fres radicals and mechanical
destruction of sumoanding tissus. Generally, this phe-
D0menon appears starting from high incident pressures

which thus defines the cavitation threshold.

Every living medium comraing a cerain amount of dis-
solved gas present in the form of bubble micronuclsi Undsr
the effect of an ultrasound fisid. the nuclei expand through
a physical phenomenosn known as recuified diffusion to reach
2 crigical size known as the Blake threshold

The inventor showed 2 whils age in an amicle enttl=d
“Effects of cavitation in high intsnsity therapeutic uvitrs-
sound” published on pages 1357 to 1360 of volume 2 (1991)
of “Ulrasonics Symposiors Proceedings” (published by B.
E. MeAvoy) that the use of intensities that were too high,
generally above 3000 W/crm® reduced the therapeutic cffects
of thermal reatment involving dssue destruction, This phe-
oemenon can be cxplained by supposing that at thess
inlcosities, cavitation bubbles which may appear ahead of
the focal spot act a5 & scresa for incident vltasound waves.
Moreaver, with the specific sim of reducing cavitatios
efects. F. J. Fry stated in Interpatiopal Parenr application
WO-A-89/07909 that it is necsssary to inhibit production of
micro-bubbles in the primery foeal site to aveid lesions
sppearing omside said sit= (see page 15 of said Porent
application). Under these conditions, it is stated that the
imtensity should not exceed 300 Wiem® at a 1 MHz

equency, or 2,100 Wicm® at 4 MHz.

E- Hynynen also showed in the above-cited artcle thar ag
intensity of 700 W/cm™MHz should be considered as =
maximnm value to be used in hyperthermia treatment as, at
higher levels, cavitaion leads to unpredictable epermy
absorption

To sum up the stz of the 2. cavitation hinders peacira-
tion of acoustic waves into HSssus thos preventing treatment
from following predictable linss. Maoreover, cavitation can
lead to uncontrolled tissue desruction. outside the target
volume. It is thus appropriate, regardless of the application
envisaged (in other words thermal teatment at high tem-
peramre for tissue destruction. or af moderate lemperamre o
hyperthermia). to increase czvitation onser thresholds.

To avaid cavitation, the only recommendations that can be
found in the prior ant consist either in reducing acoustic
int=nsity, or emitting in a discostinuous manner. using wave
tains of determined durstion. and respecting & waiting time
betwesn the trains, or, yef again, increacing emission fre-
quency.

However, reduciag acoustic int=nsity or using discontipn-
ous emission lcads to a Joss of acoustic energy transmitted
to the medium, which limits 2mperature rse or increaces
oreatment duration. Furthermore, increasing emission fre-
quency limits the depth of reamment. shsarption by tissue
being directly proportiopal to frequency, as described by
Dianiels er al.. in the journal “Tlrasound in Medicine and
Biology" vol. 13. No.9, {1987) in the article entitled “Tlitra-
somically induced gas bubble production in agar based gels™,
It should also be noted that in the prior art. conrinmous
sinewaves arc employed for dssus hezting. and thus emis-
sion duraton is far higher than signal period Usually,
insonification of tissue for several seconds at a frequency
comprised between 1 and 5 MHz is covisaged.

Certain anthors have, on the other hand. considered using
acoustic waves of a pulsed type, with 8 durstion of the order
of several periods. in other words ssveral microseconds, but
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for 2 complerely different purpose, specificaily either te
desmucton of concretions (lthotritation), or for dizgnosis
(Doppler eltrzsound scanning).

The cavitaion phepomens producsd by such polses have
been studied. For examnle, Fowlkes and Crum in an zmicls
enrifled “Cavilation treshold measurcments for micosec-
ond length pulses of ulmasound” published in J. Acouse
Soco- A, B (6). June 1983, investicates the cvolution of
cavitstion threshold 2s a furcton of pulse widh and poles
frequency. Similarly, Delius, while studying cavitation pro-
dueed by lithotripters recommended reducing acoustio wave
[epetiticn rates (se= “Effzcts of Lthomipier shock waves op
tissu= amd marerizls”. Froaters oo non-linear acoustics.
edited by M. F Hamiltog zod D T. Blackstock, Floayisr
Science Publishers Loodzz 1990

However, pulse methode do not make it pessible o
prodoce. a temperature riss in dssue since cach pulse oaly
transports small ameonr of encrgy, and the pulses peed o be
spaced. It is thus not pessible to assimilate work dooe »iln
these waves with the work ar the basis of this pressof
invention.

SUMMARY OF THE DVVENTION

Thus, the priociple aim of the present ioveation I 1o
rasolve the new techmiczl problem of providing a solston
epabling maximum enersy to be supplied o the medivm.
preferably the tissoe of 2 liviog being, in pardcular ap 2meal
or human being. in the shomest possibic time and preferably
reducing or preventing the occurrenes of cavitedon pheoom-
ena.

A further alim o the invention is 1o resolve e new
technical problem of providing a solmion cozbling maxi-
mum ensrey lo be sapplisd to the medium, preferably the
tssue of a living Being, in particular an animal or human

teing. in the shomess possible time, while simultsacously

cosuring safe and efective coowol of heat deposit, thus
maldng it possihie sither 1o provide moderate thermal ezt-
meat in the framework of hyperthermia, or 1o camy ool
thermal rearment st high (emperamires to achicys Hssns
dasrruction, preferably reducing or limiting cavitadon phe-
nomens.

Moreover, the inventicn resolves the new problem of
secondary focusing which can ocewr when perodic o
quasi-periodic srocmres & pressot on the path between the
cmission devics and the region o be treated.

The prescot investion has the further aim of resolving the
shove technical problems in a simple, reliable. inexpensive
roanner roaking widsspread induswial and medieal use pos-
sible,

The prescat invention provides a satisfactory solution for
the first time to the tachnical problems defined above. 2ad
has further technicsl advantapes which will become mor
clear from the detziled deseription which follows, including
the attached drawines which constinme an ipt=gral fan
thereof,

Thus, according to a first aspect. thers is provided =
raethod for gepsraring uimasound waves in a propagation
medium comprising acivating at least one ultrasound T20s-
ducer clement by an clecronic signal supplied by a sigoal
gencrator and redosing o preventing cavitaton phescienz
resulting from the propagatios of ulrasound waves smittzd
by the ulrasound sansducer ciemsnt within the propagation
medigm by the wse of a sigpal generator supplying 2
widsband slectronic sigaal.

In this irventica. In other words in the descripton and
claims, the.expression “widebasd™ for the specum of 2o

=

"
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elecoronic sipnal mesns that signal spectrum bandwidth ic
abour 50% of the cenmal fregoency. For example. foo =
signal of ceptral frequency 2 MHz, the bandwidih will b=
around 1 MHz and will thus cover frequencies varying from
apout 1.5 MHz to abour 2.5 MH=.

In a prefemsd embodiment, 2 signal generalor supplying
2 pontinmous random of pe=tdo-random eiscronio sigmal is
smployod

Throughout this specificarion. the term “coptnuous™
should b= taken 1o m=an that the duation of emission of the
signal {5 very moch longsr than the peried of the signal as
has already been said 1o the ingoduction above.

According to one preferred feature, the abovesaid signal
generator supphits a peendo-randam electronic signal of the
(alissian or Poissonizn disoipotion type. Such signal czn
rypically be obiaized from a sourcs of thermal poise ampli-
fied by electronic amplification.

According to a further advapmageons feature, the signal
gensrator supplies & psewde-random glecironic signal using
Colay coding,

According 1o 8 forther advaotagsoue feamwre, the signal
grosrater supplies & pseade-random slzcoonic sigaal using
Barker coding,

According to gill a further advantagsons Teamre of te
invenbion. ths signal generator suppliss a codad elscronic
sigpal of M-szqoence pscuds-raedom Type.

M-szquence signals also refomsd to as maximum leogth
binary sequences arc of the fype described by Jezn-Yves
Chapelon in Chapter 6. on pages 225 o 236, pardculardy
pege 230 anwards of the book "Frogress in medical imag-
ing™ edited by Professoe Newhouss and poblished by
Sprnger Yerdag, New Yoot 1082 which is incorporated
herein by reference.

Such M-sequence or Golay o Barker pscudo-rapdom
coded sipnals cap be amnipyed dirsctly or can phass- or
frequancy-modulats an elecronic sigoal the camer fe=-
quency of which comesponds to tie Tansducer’s nominal
opesating frequency.

Coded sipaals of the M-sequencs pssndo-zandom rype arc
particularly preferred. Such signals are precisely described
in “Progress in medical imeging”. Briefly. they consist of
binary signals built up by pstndorandom repetition of
pulses of clementary doradon. Each of said sequences is
repeated with 2 repetition pericd T that is charactesistic of
the M ssguance.

A mote precise descripdon of 2o M sequence signal can
be provided with reference 1o FIG. 4 attached:

clementary pulse duration “670.1 ps<B<100 ps, idzally

about 1 ps,

repetition period T: 1 ps<T<l0 s, ideally comprissd

between (.5 and 5 5.

The pscuds-rendem yps coded signals, particularly e
currently prefered M sequencs pssudo-random type signzls
can readily be obteined vsing slecronic crcwdts well Inown
lo those skilled in the arm.

The use of such widehand slecrronic signals. preferably
rzndom or pseudo-randsm. makes it possibie to achizve
hemer control of heat deposition znd 1o avoid tempoatuce
increase distrbancs by s=condary effects such as caviston
thus enabling spontznecus tissue destracdon to be avoidad
pardeulerly in the cass of moderate beating vsed in hyper-
thermia,

Secondly, considering high-imansity wse. the ipveoticn
makes it possible 1o smploy higher intensities and to redoce.
for & given ulwasound doss, firlng durztion zné.
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copscquenty. the durstion of meamuent. While avoiding
cavitation phencmeas thus making it possible to carry ow
treatment of tumers in living beings. in particular animals or
human beings. with higher level of safety while redocing the
risk of damage at various interfaces.

From a second aspect. the present invention also provides
a therapy apparatus comprising an actal therapy devics
incloding at Ieast ope Wlirascund therapy transducer elament
and a signal genesator supplying an electronic signal o said
ultrasound transducer element. in which the signal geperaics
supplies a wideband clecronic signal of the random o
pseudo-random type,

In one preferred smbodimert, the signal generater sup-
plies a Gaussian or Poissonfan distdbution type random
signal.

In another preferred embodiment, the signal generstor
supplies a Golay coded or 2 Barker coded psendo-random
signal.

In another preferred embodiment. the signal generator
supplies an M-sequeace preudo-random type codad elec-
Tonic signal.

This M-sequence pssudo-random type coded eleconic
signal preferably has an elementary pulse duration (8) thera
comprised between 0.1 ps and 100 ps and is ideally of aboat
1 ps. and a period of repetition T about betwesn 1 ps apd 10
£ and ideally about between 0.5 2 and 5 s,

In either aspect of the iovention, to increase the =ffec-
tveness of cavity cffect redoction or prevention. &n uira-
sound transducer which preferably is itself widehard, ks
uzed. in other words the wuasound transducer geperates
ulrasound waves when sxcited by a signal the frequency of
which is substandally different from its nominal freqnency.

Usnally, two rypes of tmmsducer can be used for gener-
aring continuous ulrasound waves for therapeutic purposes.
These comprise. firstly. conventional nltrasonnd ransdocsss
essentially consicting of piezoelectric ceramic. Such ceram-
ics have an acoustic impedance which is very different from
that of the propagation medium and, as a sesult of this, their
conpling with said medium is poor This resulis in stroag
vibrations of the ceramic when it {5 excited by an clectnic
signal, the resulting ulrasound mansdocer having a aarrow
frequency bandwidth.

For therapy camied out to date using ultrasound waves.
such wansductrs are scitshle as the coawol signals zre
themselves of the namow band type.

In the framework of this invention, the frequency band of
the witrasound transducers is widened by the application of
different rypes of treatment to the coramic surface. thess
~ modifying ultrasound coupling with the propagation

medinm. Parricolarly, 8 layer of matenals having an acoustic
impedance intzrmediare berween that of ccramic zod te
propagation medivum of appropriate thickness is deposited in
this case on the ceramic, such a layer being referred toas a
quarter-wave layer A so-called backing layer could also be
deposited on the back of the coramic between the latter and
the air. These two Iypes of weatment of the caramic smable
& wideband ultrasound t=nsducer to be obtained

Ancther type of widebasd transducer can be obtaiped
using composile [ype materials, this being particularly suit-
able for implerrentation in e present invention for reduc-
ing or preventng cavitation effeces.

‘This makes it possible 1o obtain the determining technical
advantages stated above.

According to a firther aspect the invention discloses the
use, in a therapy apperatus inciuding at least ope ulrasound
wansducer and 2 signal geosrator supplying an electronic
signal to said ransdinesr, of a widaband alecmonic signal for
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reducing or preventing sccondary focusing phenomena
behind a periodic or quasi-periodic smucmre,

This for example makes it possible 1o treat the liver
behind the rib cage by redocing or preventing lesions due 1o
secandary focusing or side lobe phenomena.

In one embodiment of this third aspect of the invention,
the wideband electronic signal is of the random or pseudo-
random type.

The wideband electronic signal can be a Gaussian or
Poissonian distrbution type random signal.

The wideband eiecionic signal can also be a Baier
coded or Golay coded psegdo-random signal.

For the wideband electronic signal, one can use 2

M-sequence psevdo-random tvpe coded clectronic signal
of a frequency having an slementary pulse duration of about
betwesn 0.1 ps and 100 p= and jdeally of about | ps. and a
period of repefition T of about between 1 ps and 10 5 and
ideally of about between 0.5 5 and 5 s.

The clectronic widehsnd signal may also have an auto-
comclation function spproaching a Dirac function.

Further characteristics of the invention will become clesr
from the detailed description that follows. including the
drawings which constinne zn integral part thereof and the
claims accompanying thic descriprion.

BRIEF DESCRIFTION OF THE DRAWINGS

The invention will now be described on the basis of a
cumrently preferred embodiment thereof simply by way of
finswation Which in oo manner shoold be considered as
limiting the scope on the invention, with reference o the
attached drawings.

FIG. 1 is a highly schemaric representation of a knowa
therapy device for perfomming therapy of the tissue of 2
Living being, including = single- or multi-transducer d=vice
having one or several piczoclectric ranzducers, in the form
of a scmi-spherical cop allowing geomerrical focising on
the propagation axis visible in FIG. 2:

FIG. 2 shows a curve in the form of a sinewave a5 &
function of time t oa the x-zxis and amplitud= A oo the
y-axis, according to the prior amt as employed in an oitra-
sound wave gensraring devics of FIG. 1;

FIG. 3 is 2 highly schematic visw of a therapy device
according to the present invention for camrying out therapy
of living being tissue. including a wideband electronic signal
geoerating device, said signal being preferably random or
psendo-random. deliverad w the piczoclectric wansducer
devies for penerating an ulirssound wave. the random o
pseudo-random signal being shown diagrammatically in
FIG. 3. and in detail in FIG. 4 as afonction of ime expressed
io microseconds on the x-axis, with amplitude on the v-axis;

FIG. 5 is a block diagram of a semp making it possible o
clesrly bring to light reduction in cavitation by using 2
random or psendo-random rype electronic signal for exciting
the ulrascund transducer:

FIG. & shows resolrs obeained with the apparams in FIG.
5 in the form of 3 graph in which the line identified by the
reference 2 corresponds to the mandom or psendo-random
signal according to the inventon of FIGS. 3 and 4 joining
the points shown by the -+- signs, and the line bearing the
reference 1 results from the use of a sinewave sipnal
according to the poor art employed in FIGS. 1 2pd 2, and
joining the points -*-, as 2 functicn of power tansmitted by
the ransdncer expressed in Wails on the x-axis, the valus in
nanoamperes ovided by an ammeter integrating the todal
amount of light emitred by the Jumincl employed being
indicated on the y-axis;
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FIG. ¥ shows schemaricafly the operation of a prior art
device in the presence of a pedodic or guasi-periodic
structure; and
FI13. B is & schermatic representation similar to that in FIG.
7 in a devies implementing the iaventon.

DETAILED DESCRIFTION OF PREFERRED
FMRONTMENT

With reference tn FIG. L, thare is shown disprammsticalty
a mown therspy device genereily identified by rcfersnes
nameral 10, for carrying out therzpy of the tissie of 2 living
being.

This therepy apparatos 10 includes an actual therepy
device which here takes the form of a semispherical cup 22

using namral focusing including one o several piszoelecaic

wansducer clements. in pamicular a single-slement piczo-
electric transducer identified by refcroocs 23 having sob-
stanrially the same dim=psions as the sémi-spherical cup 22
a5 is well known to thoss gidifed in the art. po supplementary
deseription thereof appearing peczssary. One sxample of an
smbodiment of such 2 therapy device is, for example, one in
the form of 2 semi-spherical cup 22 of 100 mm diameter.
using sarural focusing at & focz! lengrh of 100 mim. with an
opcruting freguency of abour 1 MHz, using one singls
piczesiecic ransdocer clzmeat 23.

Trapsducer elament 23 is Hoked viz an amplifier device
30, 1o a sipnal generator 40 which can itself be conrallel by
a control voit 50,

T should be noizd thar in accordanee with anoie
passibie cmbodiment, s=mi-spherical cup 22 using pangal
focusing can be subdivided into an anoular aray, well
known 1o those skilled In the art, or into 2 mosaic also Enown
to those skiliad in the =rt, 2nd no supplementary descripbcn
thereof appears pecsssary. In this case, each individual
annular or mosaic-like mapsducer element is link=d vis an
amplifier device incioding individeal amplifiers and 2 del=y
Hne davice including individual delay lines. to 2 common
signal generator such zs signsl generator 40 coptrolled in its
nrn by control unit such 2s conrol unit 50. The coatrol uait
then controls the delsy lines by supplying the d=lzy wains
necded by cach linc for obtining focusing at the desired
focal lepgth.

Diuz 1o this design of the spparatus, dynamic slscmornic
foctising with focal length being vared at will can be
achizved.

Considering the prior art apperatus of FIG. 1. when a
copventional clectromic signal is generated by pencraor 40
of the sipewave fype 25 shown schematically at the cutput
from amplifier 38 and. in more detail, in FIG. 2. for examole
af a frequency of around 1 MHz atural focusing is obizined
in the focal regicn F defining the meatment volume TV

Wirh such & contipuons sinswave signal, in other words
onc having a duration distinetly higher than the frequency
value per perod. which in gencral is several seconds com-
pared to 8 1 MHz frequency, bubbles of ges present in tssue
or which are spontansousiy geasratzd by ulmesound waves.
identifisd by refersmos B, which are present ahead of the
various int=rfaces. for example of focal regios F or the
interface with the siin S of the parient P, will start oscilladog
after several pulses ar frequescy f,, called the pumping
frequency. The diameter of the ga¢ bobbles B will Increzss
at cach pulse dus to the so-callsd rectified diffusion
shenomenon. to reach 2 maximum value that is chammcier

istic of the frequency f.. of Blake threshold When the £

acoustic feld intepsity excseds the cavitadon threshold
wirich practically always is the c25¢ in therapeutic Teamment.

A
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the bubbles will implode releacing socrey, This cavitation
threshald is identified by the general reference character C
on FIG. 2 for sinswavs signal intensities of relatively high
amplimde,

This constimtes a major dsadvantage in the state of the
art

Under these ronditions, and with referepce 1o FIG. 3, az
eypasalud 4050rding 1@ U presut inventon i3 shown goo
zrazlly identified by referencs nomeral 100, The same refer-
spce numerals increased by 100 have besn vsed o id=pify
those parts thar are identiczl. or pperie identically. 1o thass
in the prior T apparame. Thos, the actoal therapy devics is
here identified by the referzoos 120, the semi-spherical cup
by 122 and the piezoslecric mansducer element by 123, the
amplificr devics by 120 and the cl=ctronic signal geo=mator
device and contol unit by 140 and 150 respectively.

In the framewsrk of the apparatus’ according to the
inventon. the signsl generetor device 140 supplies a wide-
tand elecronic sipnal, ideadfied by the reference AS.
shown on FIG. 3. at the owpm from amplifier devies 130,
this being shown in more detail on FIG. 4.

For this invention. the nirasound transducer can fmelf be
a wideband device. implemented as described previousiy.

In fhe invention and for providing a0 codorectal probe for
prostate weatment it is prefooed to 0S2 2 wrapsducer in the
form of a semi-spherica] cop of about 35 mm diameter using
panmral focusing at the focal l=ogth of 35 mm whil=
preferably, a sigpal hzving 2 central frequency of about 2.25

, MHz is smploysd

As has been said above. the rerm wideband specoum in
this present description 2ad claime should be taken to meza
that the bandwidth of the signal spectium is about 5% of
the cenrral frequency. For sxample. for a signal haviag 2
ceniral frequency of 2 MHz, bandwidth will be about 1 MHz
and -will thus comprice frequepcizs from about 1.3 MHz 0
about 2.5 MHz

In the ipvention. more parteulasly for the purpose of
r=ducing or preventing caviration phenomena resuldog from
the propagation of wmasound waves emitted by the ulta-
soitnd transducer element 123 in the propagation medium
PM1, PM2, signal gepsrator 140 suppliss a random or
pseudo-random widsband slectronic signal. identified by
refzrence AS. in FIGS. 3 and 4. The central frequeney s
gencrally comprised betwess 20 MHz and 0.5 MHz

Tr will be noted that, in the framewrark of the invendon. he
uss of random or pscudo-rendom signals provides an =xoi-
tation nltrasound fisld specuum copsisting of a muldple-
frequency spectrum. the Tasdem appearance characlsnistic
of which limits bubblz growth, so that the latter rarely amain
the coitical diamst=r =bove which cavitation eFecs ooomn

Thus. the inveptdon makes it possibla to limit or preveant
cavitation phenomens,

The random or pseudo-random signzl supplied by signal
generator 140 is of the Gype descibed above 2nd can fer
example. be a Golay or Barker coded pseudo-random slec-
tronic signal. these being well known to those skulled mn Ge
art, particularly from the preceding deseription.

An M-seguencs pseudo-random coded elecgonic signal
can also be employed. this preferably having an slememary
pulse duration (§) theta, sbout berween 0.1 s anc © i3 ps,
znd a repeition period T sbout between § ps and 10 .

A random signal of 3 Gaussian or Poissonrza dusmibutioz
t¥pe can also be cployed

I should be noted that the sl=ctronic signal shows i FIG.
3 and in detadl in FIG. 4 is en M-s=quence pseudo-random
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electronic signal the period of which Tis comprised betwasg
I ps and 10 5 the elementary pulse duration thetg (B} being
about between 0.1 s ard 100 Hs.

With reference 1o FIG. 5. there is here shown an apparams
making it possible to demonsrars reduction in cavitation
when electronic signals, or peetdo-random codes according
to the present invention are employed, is thanks to the nes
of a luminol. This chemical compound is known to emit
photons (Auorescence) when in the presence of cavitation, ag

L5

described in the artide by Fowlies ot al, in 1. Acoost Spe 10

Am. vol. 83 of June 88 page 21902200 entitled “Cavitztion
threshold measurements for microsecond length pulsas of
ultrasound™,

This apparatus includes, in the schematic form of FIG. 5,
a frequency generator 160 associated with a code generator
170. the combination of the two gencrators 160 and 170
corresponding o the slectronic signal gencrator 148 of FIG.

to the present invention. for =xample an M-sequence signal
' ransducer element 123 placed in 2 tank 180 contaiming a
solution of luminol 182 in the luminol solution 182 o
only is ransducer 123 fmmersad. byt a photomultiplier 184
device is also present. compected to a Mmovipg-needis
nancammeter 186 providing 3 measurement in Ranoamperes
rroportional to the rhotoluminescence obtained using the
leminal,

The luminol sclotion 182 is obtained from a solution of
demineralized distilled water. samumated with air at zmme-
spheric pressure, and of Iuminal (aminophtalivydrazids, 1.4
mmol previossly dissolved in bple-grade dimethylsolfoxide
(DMS0)Y). The solaotion was buffered with CAPS
{3<cyclohexylamino 1-propane suifomic acid), 25 mma] ang
balanced to 2 pH of 10 wita 0.1M soda,

For this experiment, the uirasound tansducer elsmear
mtmployﬂdhldadimufﬁnn_andfnmscdmg?
mm. The tank was a cyHadrcal 40 ml contaiper
horizontally, with 2 l=ngth of 5 cm in which focusing effects
did net participats, tha energy being distributed ot
thctanir_Ti'ansdumr:mnamﬁmucnq; was 1,11 MHz, said
value being obtained 2t the soncluminescence maximnm of
the water

'ﬂ:tphotomulﬁpﬁuisfm:umplcﬂmmnmut}'pe
R374 comprising & lens optical system for recciving the
fuorescence emined by the nminol Tank 180 was opeically
isolated 1o avaid any lipht interference. Photomulbpli=r 184
Was powered by a small gegerator not shown here and the
light signal was read an the ammeter 186 that integrated the
total amount of light eminted by the uminol

Thmdum:lzwasmnmuropnwﬁ-ampﬁﬁ:rlﬂl,
which, for example. is of the Ampar 301, Prana. having a
passband ranging from 0.1 to 1.8 MHz The clectronic signal
or M-scquence psendo-random codes generator was mann
factured by the INSERM having aperiod T of aboot 60 s,
and an individual pulse duration (8) of 1.8 ps. and was
synchronized by 2 HF 8116 & type function penzrainn
Watmneter 132 was a Rhode & Schwarz digital wattmet=
reference NAP which allowed incident and refiectad powm
i be measured.

Regarding wattmeter 132 readings. the references indi-
cated on FIG. 5 have the following meanings:

= other hand however, whan

45

10

“PANC"=direct powsr from an uncoded signal, in other
words a sinewave sigmal of [he Priorart;
PrNS"=reflected power from an Uncoded signal, in other
words a sinewave signal of the prior art;
"PdC"=direct powes from 2 coded signal. in other worde
& random or psendo-random type signal of the myen-
“Prl"=power reflected with a coded signal. in other
werds a fandom or pszudo-random type signal of the
invention.

Measurement were made at different powers, Tirstly with
in uncoded signal {(NC) {monochromatic signal ar 1.11
MH2) or continuous sipewaye of the prior art, such as sigoal
3, of FIGS. 1 and 2. which enabled fine 1 to be cbuiged
shown by the circles or dots in FIG. 6§ for comparative
purposes, Sccondly, thiz same signal modulated with 2
pscudo-random code made ir possible to obtain an
M-sequence pseudo-random clecronic sjgnal according to
the invention. 45 shown in FIGS, 3 and 4 bearing the
reference AS, which provided the lige 3 identified by the
diamond-shaped poirts an FIG. 6.

In both caszs, the signal generated was maintained unrd 3
luminescence platean was schisved The solution was
injecred into the tank manually with a 50 ml syringe. this
afways being done in the same Way.

For each power tested. measiremen: was Tepeatsd 4 imes
with the same solution. Berwesn these four TEeAsUremenis,
ihe solution was drewn of from the tank and reinjectsd in
order 1o maintzin 2 consiant degres of saturation. On the
there was a change from ooe
powa to the other, the solution was thrown away aod
renswed,

Temperature was relatively stanje {23°-28° .}, radiation
tme being short and the gansducer being only cocled from
the back with 3 cald water cirem (mot shown) on its metal
part,

The results obtained are given in table I below,

Vi (mV) is the inpar voltage at the Prana type power
amplifier 130, P, and P_ are, Tespectively, the direct and
r:ﬂmndpuwuﬁrcadunwnnmmm, Pron being the
Power ransmitted by the mansducer Prun=F.~P.). Lum is

pscudo-random (AS.) type coded signal According to the
invention (FIGS. 3 and 4) a=d an uneoded gignal. in other
words 2o S1-type sineweve according to the pror art (FIGS.
1 and 23

The luminescence values obtained from 2 signal coded
sccording (o the invastion ar= shown by lnc 2 with
dizmond-shaped points in FIG. 6, line 1 joining the circles
or dots giving the figores for 3 sinewave uncoded signal
according to the prior amtin FHG. 6. as a function of signal
power bansmitted by the mansducer, in Warts. For valuss
below 10 W, the Inminescence measured for the two signals
comesponds o the patira] lominescence of warsr.

The cavitation threshold was obtained around 12 1o 15w
for the uncoded signal of the continuous sinewave rype of
the pricr art wheress this wae never reached in the range of
power employed with random or pseuda-random type coded
sigeal according to the Fresant inventon,

It was oot possible to maks measurements above 10 W
without putting the witrasound transducsr 123 at nsk.
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Thus, it can be seco that spespectedly, by using a
widahand clecronic sigpal according to the prezent inven-
tion and, fer sxample. 2 preuds-random or r@odOm e

coded elecronic signal. po caviadon phenomenn appear io

the reRge of powsrs used for the experimenr thie being
refiected by the st of steady valnes for luminescence a5 2
functon of power, in contast to Hoe 1 obtaln=d wirh a2
sinewave signal of the pror am

This constitutes 2 sorprisineg result of the preseat inven-
don.

FIG. T is 2 highly schemaric representarion of the opera-
fion of a device according to the prios art. in the preseacs of
a periodic of quasi-periodic stucture; in FIG. 7. 2 thezapy
d=vice 200 linked viz ap amplifizr 203 to a signal genorator
204 can be sezm.

Az mendoned sbovs, e therapy device is for exampls 2
sermi-spherical cup with mamral focusing, comprising one &=
several ransducer slements (a single transdneer. or a 521 of
anpular of Mosaic coramic Sisments),

The therapy device sets up 2o oltrasound Eeld 205
dirpeted towards the teaneent region 206. A pomodic or
guasi-periodic souctars 207 i disposed in the ulasound
field 205 barween & therapy dovics 204 and the mearment
region 206, reference 210 identifying the focal spor. This
structire can for cxample be the b cage. in the cass of
extorpal reatment of mmars of the lver

In devices of the prior ant dhven by a conventicoal
sinewave Lype sigral of, more generally, eacited By pericdic
signals, such 2 periodic soucmus leads to the appearencs of
secondary points of focns 268, 209 (or side lobes) outsids
the wratment region a5 2 tosolt of diffrection of the ult=
sound waves passing Crotgh sauchure 267, The appearance
of such se=condary points of focus has obvious conseguencss
for the safery of reamment. Morsover, radiation of ensrgy to
these sccondary paints decrsases the power radiated o focal
point 210. and cec compeomise the effectivensss of Tzat-
me=nt Onc can say that in this configuration, secondary
focusing phenomens ocar behind the periodic or quack
poriodic smucture. In this specification, the expression
“hehind the periodic or quasi-periodic stucture 207" should
be taken to mean “downsge2m regarding the propagaton
path of ulwascand waves. of the periodic or guasi-pericdic
strucmre 207",

FIG. & shows the same arangsment as in FIG. 7 in a
davice implermenting (e invendon. The invention discloses
the use of o sigpal gencrstor supplying & widebane slec-
tonic signal for =xciting the Geapy device. As desombed
sbove, the signal generator may supply & random o pesuco-
rendom slecromic signal and, mors particuludy, & Gelay o=
Barker coded pszodo-rendom clectromic signal of an
M-sequence pseudo-r=ndom soded 1ype electronic signal (of
the type described above for =xample].

The invention can alss be characterized in that the the=py
device is excited by 2 signel having an autc-comelaton
funerion that is 2¢ close 25 posible to a Dirac fuzcton. The
signals above have am auto-correlation functon which
approaches That of & Dirac function.

a4

50

FIG. 8 ilinsmates the resaits of the invention: the second-
ery points of focus caused by tae peiodic or quasi-poriedic
sructure have disappeared; the position of such focal polats
does in fact essantially depend om the peredicity of the
souctioe 207 and the witrasound fiequency, The use of
wideband signals causes the position of the sscondarcy point
of focus to vary durng the course of wr=amnent. In this way.
there is no longer 2 local buildep of epergy outside the
teatment region in the arse suronnding the peincipal point
of foces 210, The ipvepticn thos makes it possible to
decrease the sk of prodocing secondary l=sions outside the
Teatment region. even in the presence of a periodic or
gnasi-pariedic smucnire.

The invention makes i possible (o achizve secupate and
incafised Ireatment, even behind 2 periodic or quasi-periodic
structure such as, for sxameple, w=arment of the Hver brhind
th= rib cage.

The variows smbodiments of the invention described with
reference to the poceding fgures can obvicesly be com-
binzd,

The presant invention obviously includes all means con-
stimting technical equivalamrs of the meaps described, 2s
wall a5 varions combinations thereaf.

Moreover, FIGS. 3 1o & constinne an intepral part of this
iovention and thus of the descigton.

What is claimed is:

1. A method for penerating hich powsr therapeudc wlE=-
sound Wwaves in a propegafion medium. said Eltrasound
waves producsd by an ulmasomic waasducer having at leagt
one ulirasonnd ransducer slement. the mathod comprising
the steps of acivating said st least ons ulmascund Fransduces
slament with an slectronic signal supplied by =& sigoel
generator, the signal geocrator supplying a wideband clec-
tonic signal to said ar least oos ulrasound tapsduces
si=ment. said wideband zignal baving a multipls Frequency
spectram, the widebend signal configursd to reduce of
prevent cavitstion phenomena resulting from the propags-
tign of the ubrasound waves smitted by said at least ons
ultrasonnd transducer clement within the propagation
medinm.

2. Th= method according o daim 1, wherein said siznal
generater is a signal geneator supplying a random or
pesudo-random slecoonic signal

3. The method according to claim 1. wherein said signal
geperator 15 2 signal geperater supplies a Giolay coded
prendo-random eleconic signal

4, The method sconsfing to claim 1. wherein said sipnal
geneTator sippliss a Baries coded pseude-random slectronic
sigral.

gi-". The method according 1o clzim 1, wherein said zigmal
generator suppliss a M-sequenes pieudo-ra pdom type coded
ef=ctronic sigtel.

6. The method zceording o claim 5. whersin said
M.sequence pseudo-random fype ooded electronic signal
has an elementary polse durasion of about | psand 2 period
of repetition T of about barweza 0.5 2pd 5 5.
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METHOD AND APPARATUS FOR
THERAPEUTIC TREATMENT OF SKIN

REFERENCE T RELATED ABPLICATION

This application 1= a conunuation-im-part of U5, patent
applicatinn - Ser. No. (R998,955 filed Dec, 29, 1995 apd
incarpoealed hersin by referznoe aowr LS Par Na 5115,
350

BACKGROUND OF THE INVENTION

The present iovention relates-generally [0 oskin theszpy.
More parifcular]y, the present mvention relales 1o the use of
such therapy for reducing rhviides of the skin (1.2, skin
wrinkles), especialiv facial rhylides.

Human skin is basically composed of thres laves. The
ouier, ar visible layer s the stmium corneum. The siramm
corneum i essentizlly 2 thio lzyer of dead skin cells thar
serves, among other things, 55 2 protecove layer. Below the
siratemn cormeum is the epidermis layer. The epidermis laver
i5 a-cellular structure: that forms the culenmost living tissue
af the skin. Below the epidermis laver is 1he dermis laver
that contains a varety of tissues such os sweal zlands. nerves
cells, hair follicles, living skia cclls, and connsctive Hssus
The conmective tissue gives the dermis laver body, shape,
and supporl, Since the spidermis Javer lies oo top of the
dermis Javer, the shape. smoothness, and appearances of the
epidermis layer is in pan deermined by the shape of the
dermis laver (aod lareely the connective tissue). Thus,
verjafions in the shape of the connective 1issuc fend fo
appear 45 vartatons in the spidermis layer.

There are 2 pumber of methods cumenlly being used to
reduce or eliminaie skin wrinkles, particulariy facial skan
wrinkles. Some of these methods inciude the vse of lzsers,
cryo-peeling, chemical-peeling, 2nd dermabresion. Thess
methods appear lo stimuilste or Imitate e dermis laver so
toat o biological response mesuils that produces new connec-
fve Bissue which in toro reduces or sliminales skin wrinkles
in the treated ares

However, the cryo-pesling, chemical-pesling, dermabrz-
sion and laser zblation methods generally result in sigmifi-
capl damage 10 |be spidermis and dermis lavers. o these
methods, the epidermis laver may be peeled or bumed away.
This presems several pmoblems: opportunistic infeclions
may invade the dermms laver and thus complicate or prolone
recovery; the procedure may cause 4 patient significant
discomfort and pzain; and the skin may appear raw and
damaged for & significant period of Hme (on the order of
weeks or months) while 1be bealing process takes place: All
of these side. eff=cis are considered undesirzble,

Thesefore, one object of the present invention & o
provide an improved method and apparaius for reducing or
eliminaling skin wiinkles,

Another object of the presen! iovenlion is 10 provide 2

sthod and apparanss for reduciag skin wrinkles that does
not substapually damage the epidermis laver of the skin

SUMMARY OF THE INVENTION

The overall copcept of the present invention Telztes 1o
methods and apperaius for themapeutic lreatment of skin
usiog wlirasound. In pamicnlar, the present invention relags
o wrinkle reduction :nd skin rejuvenation by contmoii=d
spplication of ulirasound soergy into the dermis layer. The
ultrasgund epergy triggers & biological response that causss
synthesis of new coonective lissus in the dermis through
ectivation of fibmoblast c=lls in the dermis without causing or
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requiring significant imitanos o damage 1o the cpiderms
Ome purpose of ihe present inventon is lo provide 3 cos-
melc improvement in 1oe appearance of the skin meaning
that the wealed skin surface will have 2 smoother, rgove.
aaled appearance. The present imvention achieves (his with-
out [he need o induce sizaificast damace 1o 1he epiderms
laver of the skin. '

These and olber objecis are achieved by 1he pressnt
imvention which. in one ¢mbodiment. provides a method of
rejuvenating human skin, the method comprising applving =
focused -ultrasound beam 1o & regica of human skio 1o
stimulate or imilate 3 derms layer in the region of the skin
50 3s lo calse a chanoe in the dermis layer of the skin that
sesufls in-a chznge m & smooitness of the epidermis laver of
e skin:

Accoeding 1o another embodiment 'of the invention, an
apparatus. for rejuvensneg heman skin is provided. ihe
ipparzils comprising an ulrasound transducer, coupled o
an ultrzsgund dover, for propagaiieg ultrasound waves mio
2 region of human skin i response 10 signals from the
ulirasoynd driver, and = coaiol device constructed and
armanged o focus the sigeals provided by the ulirzsound
driver circwil 16 control the wlirzsound waves provided by
the ultrasonpd driver so 2s to siimulate or irmtate a demis
fzver in the region of the k30 to canse a cosmelic improve-
menl in 40 appesrapce of the sian.

According Lo znother embodiment of the investion, =
transducer configuration, capable of applving focused ultra-
sound energy 1o & dermis region of human skin is provided
The transducer configuration compnses L transducer and zn
acoustical wavepnde disposed adjacent o an ulirasougnd
emitting surface of the transSucer, wherein a thicknessof the
acoustical waveguide determings 2 depth focus af the ulie-
sound encrpy in the skin.

According o another embodiment of the inveéntion, =2
method of rejuvenaling buman skin is provided, the method
comprising applying 2 focused ulirasound beam 1o a region
of buman skin 10 generaie 2 shock wave 10 mechapically
disrupt a dermis lever in the region of the skin 5035 1o causs
3 change io the dermis laver of the skin that resulis in =2
chaggs io a smoolhness of 20 =pidermis layver of tbe skin.

Io 2 fenber aspect of the iovention, the acoustic pulses
which are used to treat the skia have pressure amplitudes
thhat are sufficiently hizh 1o inroduce non-linearity, that = o
say, the speed of propagation of the pulses through the 1arzer
region of dermms will be higher than the nommal speed of
sound propagation through skin. For example, in skio, e
normal speed of sound i approximately 1480 mis=c.

s

; However, ut high enough amplimdes, skin lisste becomes

more elastic and the spesd of propagation cin increnss 1o 2s
high as-about 1500 m/sec. The magnitude of this nop-linezr
behavior varies not onky with pulse amplinde, but also with
the duration of the putse. Typically, the non-lincar behavior
will be exhibited, with zcoustic pulses having intensity
{within the targer regmwoo) of zbout 300 w abow 1000
watts;cm” and is preferzbly zpplicd by pulscs having durs-
fions ranging [rom zbour 10 papossconds 1o azbow 200
microseconds.

Ome result of this non-lineanty 15 distorlion the waveiorm
of the pulses and they travel through the skin. converting
waves typically having Gavssian smplitide (pressure) pro-
file o' waves that presents 3 much sharper leading face,
essentially a “shock-wave” at the larzet region Delow the

s surface of 1the skin. In &2 nommal wave propagation mode,

there is essentially oo get moevement of dermal matenial
However, when acoustic waves exhibil non-linearitv, male-
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fial does move, creating 3 megarive pressure. or vacunm
effect, in the 1issse in the wake of the puise. This pepative
pressure can induce the disue damage of the presem
invention, learing tissue siructures apart, healing the region
and, thereby, Iniggering the svothesis of new copnective
tissue,

The invention i particularly useful for reducing 1he
appearance of human skin wrinkles. Embodiments of the
Presenl invention can provide a smoother, rejuvepated
appearance of the skin, without adversely damaging the
epidermis laver of the skin,

BRIEF DESCRIFTION OF THE DRAWINGS

In the drawings, which are incorporated hersin bw refer-
ence and o which like clements have been siven like
reference characiers,

FIG. 1 illustrates one embodiment of an ultrasound oen-
craling apparams according o the invention for reducing
skin wrinkles;

FIG. 2 {ilustraies one embodiment of an ultrasound (rans-
ducer that may be used in the invention:

FIG. 3 illustrates another embodiment of a transducer that
may be used in the invention;

FIG. 4 illustrates another embodiment of 3 iransducer that
may be used in the invention:

FIG. 5 illustrates 2nather cmbodiment of a trapsducer that
may be used in the invention;

FIG. 6 illusirates 2 conwrol system that mav be used 1o
contmol the apparatus illusirated in FIG. 1;

FIG. 7 illusirates another embodiment of 2 transducer that
may be used in the inventon:

FIG. 8 illustrates 2 pattemn of ultrasound application over
2 region of skin in accomdance with one aspect of the
invention; and

FIG. 9 illustrates 2 paniem of ultrasound application over
2 region of skin in accordance with another aspect of the
invention.

DETAILED DESCRIPTION

FIG. 1 generally illusirates an ultrasound generating appa-
ratus LD Ibat may be used o apply comrolled, localized,
focused ultrasound 1o 2 region of human skin. The apparams
includes & control circuit I8 coupled 1o an acoustic wave
generator fe.g., an ultrasound transcucer) 22 via clecirical
means 20 which may be 2 cable or the like. In response 1o
contral signals from control arcuit 18, transducer 22 gen-
erales ultrasound waves 21 Transducer 22 may have one or
more elements, such as piczoclectric elements, thar aciually
produce the ultrasound or similar acoustic waves. A focusing
clement 24, an acoustically-transmitting waveguide 26, and
a0 acoustical coupling medium 28 (either alone or in

combination) may also be provided to direct 2nd focus the =

ultrasound waves produced by fransducer 22, Acoustical
coupling medivm 28 may be 2 biocompatible hydrogel.
Apparnius 10 is used 10 direct the ullirasound waves 21
mto skin 12. The uitrsound waves are focused wsing
focusing element 24 so that the focused ulirasound woves
Creale a region of stmulation and/or imitadon 30 in the
dermis layer 16 of skin 12. Focusing ultrasound waves 2]
within region 30 sllows Incalized enhancemem of the Hu-
=nee of the ultrasound beam directed into the skin in region
30. This allows 2 significant part of the enerzy in ulirzsound
waves Z1 lo be subsizntizlly absorbed in region 30, This
results in stimulavon 2odor imitation of region 30. Since the
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contained in dermis laver 16, thers
significant adverse damage 1o the

region 30 is principally
should be litile, if any,
epidermis faver 14,

The term “ultrasound™ as used in this disclosure is
intended o encompass boih conventional “ulirasound™ as
ypically used to describe high-frequency acoustic waves up
lo zbowl 100 megaberiz and ~hypersound” as typically used
1o deseribe very high frequency acoustic waves ereaier than
about 100 megahertz. In general, “ulirasound™ is used wilhin
this disclosure 10 describe scoustic waves capable of induc-
ing controlled hyperthermia or cavitation in skin nssuc, of
pulsed waves haviog an smplituds large enourh 1o indoce
shock waves in the skin tissue. Hyperthermia. s used in this
disclosure, s a condition in which an clevaled temperslure
is induced in a region of the body for Iherapeutic purposss.

As noted, a feature of the invention lies in providing =
focused ultrasound beam that irritates andror stimulaies the
dermis laver of the skin without significant or deirimental
irritation of the cpidermis laver. o FIG. L focusing of the
ulicasound beam was provided by focusing clement 24
which may be 2 type of lens.

The apparatus illustrated in FIG. 1 is similar 1o the
dppararé described in U.S. Par Mo, 5,730,334, Issued 1o the
same invenlor. The 334 patent deseribes 2 method and
apparatus for penerating localized nyperthermia io humezgn
tissue, particularly in the collasen fibers of the cornea. This
previous work has been improved upon by the present
inventicn. One difference liss in the biological mechanism
by which 1be present inveation is hypothesized 10 work. In
the "334 patent, the zpplication of rclatively high pOWEL,
controlled hyperthermia, causes the collagen fibers in the
comea o mechanically shrink during the duration of, or
immediately after. spplicztion of the ultrasound energy In
the cornea. This is to be contrasted with the hvpothesized
mechanism of the present invenuon in which relatively low
power ultrasound s used 1o gently sumulate andior imitate
the dermis to induce 3 biologrcal response |hat resubs in
synthesis or production of new connective lissue over a
peniod of time that extends bevond the time of application of
the ullrasound energy. [t s envisaged that lreatment by the
present invention may require multiple reaiments exlending
over & relatively long pediod of time, such as davs, weeks,
or months, in order o stimulate the body to produce pew
conneclive tissue in the dermis laver and would not cause

s sigmificant damage 1o 1be epadermis. Use of the power levels

contemplaled in the "334 patent in this manner would cause
severe damage to the epidermis.

FIG. 2 illustrates another configuration of transducer 12
for providing & focused ulrzsound beam. In FIG. 2. trans-
ducer 12 bas a eoneave or cylindrical surface 30 that extends
along dimension 42. A pumber of cloagated transducer
clements, such as piezocleciric slements 44 are disposed
along a surface 46 of region #0. One skilled in the an will
2ppreciate that a single curved transducer or multiple trans-
ducer elements could be used in iransducer 22, Elements 44
exiend longitudinally along the direction of dimension 42
Since elements 44 are disposed along the concave surface,
they will transmit the wlirasound beams that they respec-
tively geoerate lowards a focal point 48 that lies 31 the
mizrsection of he varous radii 50 thar extend from trans-
ducer elements 4 (0 focal point 48. Thus, by adjusting the
radius of curvature of surface 46, the location of focal poim
48 can be changed. One skilled in the art will appreciate thar
focal poim 48 extends lengitudinally along 1he direcrion of

: dimension 42 to create 3 scanline 43

FIG. 3 illustrates another transducer coafiguration 1hat
can be used in accordance with the présent invention. In
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FIG. A, trapsducer 22 i€ Sied with an acousiiea] wave
54 that covers a surface 36 of 1he fransdocer. Acoustical
wavepuide 3 s snziooous (o svousticel waveguide 26
Mestrated 1o FIG. 1. An seowestical coupling medium, prel-
erably of a material havine the same or similar rapsmissive
properties as acousticz] waveguide 54 fills [he entire cavity
S2Alematively, acoustica] waveguide 54 can be 3 single
prece bt additionally flls cavity 52, The traneducer ilus-
tedied in FIG: 3 performs in the same manner as trapsduce:
22 iHuestrated in FIG. 2 however, the addition of acoustical
wavesnide 54 can make the transducer caSier 10 5230 3oT0ss
fat skin surfaces. In addiiion. acousiical wavepnide 54,
since il acls 1o direet the ulirssound wives along the direc-
tion of radil 30, can seducs the size and bulk of trapsdecer
22 Thar is, the addion of acoustival wivepuide 54 mayv
allow the radius of curvamre of surface 46 10 be larder than
whal would otherwise be reguired. withour waveguide 54,
for 2 given location of focal point 48 Thus: this paricniar
configuration of uliresound transducer 22 may be zasier o
manufactuee than one haviag 35 rodivs of curvature deter-
mined only by the location of focal puinl 48, This conflou-
ration 18 also useful when Digher vitrasound beam intensiies
are being used becsuse iL can prevent overheating of the
transducer since the iransducer ¢an be made physically
farper 1o bener dissipalz heat

in the presen invention, 1be depth of focus of scanline 43
s very close 1o the surface of the skin, therefore, acousticsl
wavegwide 54 can be used 1o determine the depth of focus.
Acousucal waveguide 54 can be ef differing thickn=ss where
each different thickness provides g different depib of focus.
Use of acoustical weveguides of diflering thickness provides
& convenienl means for changing the depth of focus which
can e advantageous i the czse whens trealment = carried
out in, for example, a docios’s office.

FIG. 4 illustrates anoiber treosducer confimuration that
cao be used in sccordapce will the present invention. In
FIG. 4, transducer 22 has a fat or planar configuration and
transducer clements 44 are disposed in an essentially planar
faghion. A lens 24 having a focusing portion 25 is dispossd
along the lower surfacz 56 of the ransducer. Focusing
section 25, which is cyiindoez]l snd exlends along the
direction 42, acts to foces the ulirasound wave generaled by
transducer ¢lements 44 zlong the direction of lines 50 =0 that
the uhrasound waves produced by transducer elemems 44
are focused a1 foczl point 48,

FIG: 5 illusirates znother transducer configurstion ihat
can be used in accordzace with the present invenlioo. In
FIG. 5, transducer 23 ic fitted with ano acoushcal waveswde
34 disposed at the lower surface 58 of lens 24, Acousiical
wavepuide 54, in the same mznoer described in conncction
with' FIG. 3, allows the radius of cuorvature of [ocosing
seciion 25 of lIens 24 (o bave 2 larger radius of curvatore than
would otherwise be required for 2 given location of izl
peint 48, Thes_ 1hic parmcular configeration of ulimseund
rrapeducer 22 may be casier to manufaciure.

The svstems illustrated in FIGS. 1, 2, 3, 4, and 3 should
strongly focus the ulirzsound beam wilh @ numerical aper-
ture in'the ranoe of approximarety (.1 to ipproximaicly 145
As illusirated m the fgwees, the leos preferably has a
cvlindricz| peomelry.

Oing skilled in the ar will al=p appreciate that 3 hocom-
putible hydropel may be placed berween the skinsurlzce and
the tens 24 {in the czsc of FIG. 47 and acoustical wave gusde
54 (in the case of FIG. 5).

One -skilled 1o the 2t will apprectate 1hat zlthough par-
ticular iransducer configuratians have béen illustrated io
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FIGS. 1-5. a variety of other transducer conficurations can
be nsed in the presen: invention. In addition, = phased array
ulirasound \ransducer could be psed. A phased array mav be
advanigeeous (n that i1 czn be wsed 1o [ocus the uhm_-..;{u.-._g'
beam generated by 2ach respective transducer ¢lement 3t 2
desired fncal point depth and loczuion. Tn addition 10 focos-
ing the ultrasound beam., ibe shased amay can be used 1o
szan the tlirasound beam over the area of skin o be reaied.

FIG. 6 illusirates 2 control sysiem that may be used 1o the
present mvention o eoatsal the amount of enengy provided
o region M) of dermis lsver 18, The control svstem 10K
includes & controller 102. Controller 102 may include 3
compuler and asseciated penipherzls such as memory and
mass storare devices: An operaior interface 104, which may
melide ot least a keyboard apd display device. zllows the
USEr 10 81 VArOUS parameiers soch s the focal pomt depth,
1he magnitude of 1he wlrasound besm 10 be applisd, the
duration that the ulirasownd beam will be apphied. and =0 on.
Control signals from coniroller 102 are zeat o a drver 106
Drver 106 conlains means, such a8 clrcuiiey, such as ne=ded
1 cause the wransducer element or 2lements of lransducer 22
o generale ulirasonic waves.

Control svstem 1M therzafier includes five diffierent feed-
back systems that mav be ussd 10 control the dose of
ulirasound enerzy applied o 2 patient’s shin, Chne skilled 1o
the 2r1t will appreciate that the five feedback-sysiems may be
vsed imdividually or in 2nv combination.

The firsl fesdback svstem includes 3 receiver 110 and 2
signal analyzer 112. Receiver 110 and signal analyzer 112
may be used 10 measure the maonimde of the ulirasound
epergy being spplied 10 the patiznl s skin and 1o provide 2
feedback signal to-coniroller 102 o dutomatically, or allow
the operator 10 manuzlhy adjust (De magnitude of the ultra-
soupd beam being delivered by ransducer 22,

The second {esdback svstem includes s iemperahire s=p-
sor 114 that may be used 10 meacuze the temperature of the
skin in the rezion where the: ultrasound energy is being
applisd, Using temperamure seosing as & feedback mecha-
nism can be effective because the surface of the skin where
lemperature sénsor M4 would be located is in close prox-
imity to-the region of (e skin being heated by ulirescund
energy. The sensed tempemiure rezding can then be used by
cootroller 102 1o aviomatically, or manually, under control
of the operator, 1o conwrol the magnitude of ultrasound
energy being delivered 1o the patient’s skin by transducer 22.

The third feedback sysiem iacludes a second ultrasgund
ransducer 116 and wrensceiver 118, Transceiver 118 and
wansducer 116 can be used (o provide a low level ultresound
signal that can be used for diagoostic and feedback purposas
1o conteoller 102, Transceiver 118 and transducer 116 can
1ls0 be used as ap echolocanng svsem for target locanon
Thet is, the low power wirasonnd signals can be used 1o
focate mictoorgans, such 2s bair follicles, in the skin w 2id
in irsatment

Funbhermore, if dover 1086 is replaced with o transceiver
or if an additional Teceiver is provided and coonmected 1o
wansducer 22 and controllar 102 then the echoloczting
function can be performed vsing one {ransducer. That i the
transducer 22 may be placed on the patient’s skin sod. under
ool of controlier 102, Jow power ulirasound waves can
he vsed For targel locatino and placement: Once & localion
for treatment hes been esiablished, controller 102 cn be
swilched 1o 2 reatment mods 2nd a higher power uitrasound
wave may then be applied using transducer 22 to rreat the
=kim.

More generally, the Tow power ulirasound mey be used 10
locate 4 condition below the epidermis thal causes an
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irregularily 1o the smoothness of the epidermis. Higher
power ulirasound can then be used o (real the aren.
Funhermore, the low power ultrasound signal can also be
used 1o aulomatically determine the depth of focus for the
ultrasound energy. For exzmple, the low power or diagnostic
ulirasound signal can be wsed to locate the depth of the
inlertace between the dermis and the epidermis in the area
o be tredled. The depth of focus for the high power or
therapeutic ulirassound can then be sel based on this mes-

suremenl 1o ensure thal the ultrasound eoerey = focused i |

lhe dermis laver.

The fourth feedback svstem includes an electrical con-
ductivity sensor 120 that may be used 10 measure the
electrical conductivity of the patient’s skin in the region
where the ulirasound encrzy 1s being applied. The degre= of

electrical conductivity sensed by sensar 120 cag then be

used by controlier 102 10 sutomaticaily, or manually, under
control of the operzior, control the magnitude of ultrasound
energy being delivered 1o the patient's skin by \mnsducer
108,

Ihe ffth [eedback system includes a broadbapd micro-
phone 122 connected 1o controller 102. When cavitation is
used as a mechanism w0 provide dermal irrilauon, micro-
phone 122 can be placed on or oear the skin in the region
being treated. The collapse of a bubble created by applics-
tion of ultrasound in the dermis creates & cheraclerstic
audible sound that i detected by microphone 122, The
sigmal provided by micropbone 123 can then be used by
centrolier 102 with zppropriate signal processing to conirol
the ultrazoend energy provided by transducer 220 The user
can also listen to the signal provided by microphone 122 and
manually control the elirasound energy,

Controllér 102 should be programmed so that lransducer
22 delivers a spatially uniform ulrrasound dosage in the area
of the skin thai 15 being treated to ensune uniform stimulanos
of the dermis laver. The method of the invention appears o
be most effective when there is, on average, & homopenenus
deposition of epergy in the region of the skin that is being
Ireated.

Referming 1o FIG. 7 transducer 22 is illustrared as being
scanned along 3 direclion defined by dowble-headed amow
45, While transducer 22 is being scanned along the direction
of arrow 48, it is delivering an ultrasound beam focused an
3 [oeal point or depth 48 in the dermis layer of the skin.
Focal poinl 48 extends longitudinally along the direction of
dimension 42 1o creale a scanline 43. Controller 102 there-
fore necds to be progmmmed (o deliver a uniform level of
enz2rey 0 (wo dimensions; ooe along the direclion or dimen-
sion 42 and one in a direction of scanning along lise ar
dimension 48,

The engrgy deliversd by transducer 22 into the skin may
be deliversd in & conlinuous manner or in discrele incre-
menls. One skilled in tbe an will appreciate lhat the ultra-
sound snergy may be conliovows in one dimeesion for
example, dimension 42 2o0d discrele in another dimension.
for example dimension 45 or vice versa. One skilled in the
arl will appreciate that the ultrasound energy may be deliv-
ered continuously 1o both dimensions or discretely 1o both
dimensions,

If the uliresound eperev is delivered discretely in both
dimensions 42 and 45, 1heg 2 pattem of uiirasound energy
application such as lustrated in FIG. 8 results whers sach
point 47 represents 3 Iocaiion where ulirasound eneroy has
besn applied. I the ulirescund enerzy 1s applied in'2 manper
thal 15 conlinuous o both dimensions. 42 and 45, then the
ared in between poins 47 would also have ultrasound epergy
applied thereto.

-
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IF the elirasound energy s delivered discrerely in dimen-
sion 45 and continuously io dimension 42, ben a panern of
ultrasound energy applicztion such as illusirated in F1G. 9
results where regions 49 represent rezions where ullrasound
cnergy has been applied.

Io the case of continuous ulirasound applicstion, botk the
speed of scanning along direction 45 and the power being
applied must be conrolled simultaneously. In the same
manner, if discrete application of ultrasound energy is being
used, then the distance berween points 47 along the directon
of arrow 45, the speed with which teansducer 22 s moved
along the direction of zrrow 45, and the timing of individual
energy deposition must be controlled 1o provide homoce-
OE0US cXposure

As illustrated in FIGS. 6 and 7 an encoder 124 mav be
provided. Encoder 124 may be. for example, a wheel that
rolls aloog the skin as the rrapsducer is scanned across the
skin. An clecinical signal which mav be analog or digital in
nalure, is then provided to comtrolizr 102, Controller 102
usesthe signal from epcnder 124 to determine the speed with
which transducer 22 is being scanned across the skin suriace
and the distance being treveled. With this imformanon.
controller 102 can be programmed 10 adjust the ultrasound
pulse frequency and intensity of the ultrasound eneroy in
relation 10 the scanning speed and distonce traveled 1o
achieve, on average, spatially uniform wiicasound dosage if
discrete ultrisound puises are beimg used, In the same
manner, if conlinuous power 15 being used, then controller
102 will adjust the vlrasound beam enerey in relation 1o
scapning speed 1o achieve @ bomogeneous application of
ultrasound energy m the lamget area.

In another cmbodiment, aa acoustically transparent plate
mzy be placed oo the skin over the area 10 be ireated and
then trapsducer 22 and encoder 124 are then scanned across
the acoustically transparent plale. Scanning the transducer
across the plate can also provide 2 way of delimiting 1he area
1 b treated to avoid over-treating or under-treating the 2rea
of the skin.

To use the method and sppamstus of the invenlion 1o
reduce or climinate human skin wrinkles, a physician or
technician (“the user™) sets 2 desired depth of the focal poant
for tbe ultrasound beam so that the ulirasonic cnerav is
substantially concentrated in the dérmis layer ol the <kin
This deplh is typically in the range of five microns 1o live
millimelers, The magnitude of the ultrasound encrgy W be
deposited in the dermis laver in also determined. The
duration of trealment aod the volume of the deomis Liver 1o
be stimulated and/os writated determine the pavacr level
HECEsSaTy.

The frequency of the ultrasound beam is also chisen The
ultrasound wave frequency should be within ke range
between approximately ! megahertz and 300 muezshenz.
Preferably. the ultrasound beam frequency is relansely low
frequency ullrasound between tbe range ol approvimatdy L0
and 80 megahertz. The ulirsound beam frequency chemen s
based upon a comsideration of the depth of peocicatcom ol 2
given ulirasound frequency wave into the skin wind th power
reguired lo cause 3o appropnate stimulation and «r imiaion

. of the dermis region of interes.

Obviously, the above-descnbed steps may oot rmed
i aoy order.

Ounce (hese paramelers fave been sel, the witza~uind
transducer is then scanned over the wrinkle arca ot the ~km.

= Typically, an arez much lerger than or exicnding ~igmifi-

cantly beyond the ares ocoupied by the wrinkle 1~ s ecied
to the ultrasound beam. Preferably, to be elfvelive, the ares
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of the skin 1hal 15 subject=d 1o treatmenl 15:0n the order of
ign tmes loirger than the arez of the wrinkie isef

Although the biological mechanim 18 ool completcly
undersiood. it appears thar hypesthermia and/or cavilation,
either alone or-in combigation. appear 1o cause a bivlogcal
response. 10 zppeears that denaturztion by hypenhermia of at
least some of the iniracellular proteins, intercellular proteins,
zod/or snzymes induces 2 biological or hezling response o
the body. The biological response results in the synthesis of
new connective lssuz by fibroblast cells in the dermis m
addition o the preexisting conoective tssue. The new con-
necuve lissue fills our the skin. It is the process of adding
new connective tissue 1o (he dermis [aver that causes reduc-
oo 1o 1be appesrance of skin wrinkles and improved shape,
amoathness, and sppesrance of the skin.

One mechanism by which the biological response may be
stimulated s through hyperthesmia. The amount of ensrgy
deposited usiag hyperierma s typically that reguims v
eatse the temperamre of the dermis laver to somewhers is ibe
range of 47° C. 1o 753° C. Prelerably, the emperanire of 1he
dermis lover (har 15 beiog treated is Increased (o betwsen
approximalely 357 C. 2n0d spproximalely 63° C.

These ranpes are selected 5o as 1o denature & relatively
small fraction of the protemns in the dermis. Al 2 lemperature
of approximalely 477 C., it tzkes severa] 1ens of seconds 1o
denature 3 small fraciion of the proteins in the dermis. By
cantrast, al a lempersture of 73° C., the same small frzetion
of the proteins in the dermis are denamred in several tens of
microseconds. One skilled in the art will zppreciate that
there 15 a trade off betwesn exposure time and the 3moun! of
encrey being apphed. Toe higher the level of enerzy 1 be
zpplizd, the lower 1be required exposure [ime and vice verss.
Elevaling the dermis javer 1o 3 iemperalurein approximalaly
the range from 33° C. 1o 63" C. appears Io provide a

workable compromise between the length of time for the &

treatment and tbe amount of energy to be imparted to 1be
skim.

Another mechanism by which a biological responss may
be induced is-cavilzlico. Preferably, when wsing cavitation
alone or in combination with hyperthermia, enough encrgy
needs to be applied 1o the dermis (0 generate, 10 the dermis,
a cavitational bubble. When 1he bubble collapses, 3 shock
wave results that mechanically, o 25 localized area, t2zrs
zpart tissue in the dermis capsing dermal inflammation or
uritztion and a resultamt biological response. The biclogical
response resulis 1o the svothesis of new connective Lssue,

Another mechanism by which 2 biological response mav
be induced in through the vse of pulsed acoustic waves
Pulsed acoustic waves having sufficient amplitude mav be
used 1o credte & negative pressurs wave al the foczl point 5o
as to induce a shock wave lype response o 1he dermis. As
with the collapse of the cavitational bubble, the shock wave
mechanicelly, iz & locziiz=d area, tgars apart tissue in the
dermis causing 2 dermal irrfiarion and a resultant biclogical
response. The biological response msults in 1he synthesis of
asw connective tissue.

[t will be appreciated that the magnitude of epergy depos-
ited -in the skin ac @ function of the frequency of the
ultrasound wave, the time the ultrasound wave is zpplied;
the-area ‘of the skio that & treated, thermal difusion of the
heatin theskin. and the impedance of the skin 10 ulizzsound
energy mey be varied to provide the desired biclogical
response. The preseot imvenlion typically uses dosages that
are sipnificantly lower than conveéntional hyperihermia
therapics. For example, at the surface of the epidermis, ihe
intensity of the uliresonic waves may be in the roge of

<0

10

approximalely 100 w 500 wanscm™. Al the Bacal point in
the dermis layer, under some conditions, the intensity of the
ultrasnnic waves may be ia 1he range of approximately 300
to LS0K) wallsicm®

1t should be noted that the method of the presem invention
does not, following applicaiion of ulirasound energy, imme-
dizlely cause skin wrinldes 10 be zeduced or to disappear
Ime freatmenis typically pe=d 10 be répeated over 3 loos
peciod of lime (such s 'days or months) so that the degmis

¥ leyer.is gemly sumulated or irmitzied to produce the binlogi-

cal response while 21 the s3me time avoiding calastrophac
damage [o the epidemmis laver This has 1 number of
advaniages over copventionzl methads. First, the epidermis
s not damaged or is eoly minimzlly damaged or efecied
Second, the dermis laver = not ¢xposed so the chanee of
opponunisiic infecton s reduced, Third, dué o the rela-
tvely low power levels used and the fact thal the cpidermis
is 0ol calastrophically damaeed, the discomion and pain
the patient compared to copventone! methods 15 consider-
ablv reduced.

Az noted; the method of 1he invention using hyperthermia
aims to depature a relauvely small fraction of the protemns in
the dermis, Ivpically lzss than rveny percent of the proteins
These proleins may be mizaceliular, extracellular, or alss
eozvmes. Preferably less than ten percent of the protcins in
the dermes yre denatured and, 1o be certain that there 15 much
less damage 10 the cells of the epidermis. no more than
approximalely fve percent of the proteins o lhe dermis
should be denatured.

To Farther prevent elevation of the tempseralure or irmoia-
tion of the epidermis laver of ths skin. a conling device or
method may be used. A sepphire tip may be disposed on the
ulrasound transducer. Alternauvely, water cooling may be
used before, duning, or afier treaiment. One skilled in the 2rt
will appreciate that thers ars gpumerous coohing devices or
methods that could be ws=d in conjuncton with the inven-
tiom.

Heating or cooling of the skin can also be used 0 bnog
the temperaiure of the skio lo 2 known stale prior 1o
treztment 50 a5 1o control the dosage of applied ulirzspund
This cao be sigoifican! since denaturation of proicins is
dependent on the absolute temperamre of the skan and oot
the relative temperature increass with respect toothe starting
skin temperature. Heating or cooling of the skin can abso be
esed to take inlo account paten-lo-palienl vanabiliy such
as differing body temperstures 10 bong 2l paticnls 1w the
same slale before treaiment

A marker may also be used 1o delimit treatment arcas The

. mmarker may be any kind of suitable marker. Fur vxample. a

fucresceni gel mey be deposited oo the skin & ihe Irans-
ducer is scanned across tbe skin. Tok, paml, or disinivciant
may also be used, The marker may be visiple or muav be
imvisible sxcept when exposed with 2 suitable heht ~ares,
A marker allows the user to guide the ransducer b prosdoce
& spatially uniform uitrzsound dogage 10 ensare anilom
siimuiation of 1he dermis 2nd 2vaid oves=treding atoasof e
skin while under-treating others,

The invenlion may also ceduce olher types oo -lelodis in

o skin appearance, such 25 scne scars aod burns, ol fojove-

nate of refresh skin appcarance, This i€, @5 the s oonmes
tive synthesized in responss 1o the stimmulation o 2xtaton of
the decmis begins to Al out the dermis, 1hes 14~ o1 <Kin
defects. may become less visibile apd thu <kin tahas 0B
smoother, refreshed o rejuvenated look:

Hawving thus descobed at least one illusirain o embodi-
ment of the invention, varous alizzatons, modifivaln ns, and
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tmprovements will readily occur o those skilled i the art
For example. various alicrnative acoustic pulse or ~shock-
wave” generaiors can be employed in licu of 1he sbave
deseribed ulirasound mransducers, Such aliernarive EHETEY
generalors include premoelecinc, clectric spark and lzser-
triggered pulse forming devices operating o0 rapid state
changes of liguid mediz or on thermoelastic expansion. The
pulse generaled by these devices can exhibil brosd fre-
quency domains. Accordingly, the foregoing description is
by way of example only and i not intended as limating. The
mvention is limited ooly as defined in the following claims
and the eguivalents thersio

Whalt is claimed is:

L. A method of rejuvenating skin, the method comprising
applving an acoustic pulse to 2 dermis laver below 2 surface
of a region of skin wuk sufficient imensity and duration, znd
inducing a shock wave response in the dermis layer and
consequent formation of now conpechve tissue 1o cause 3
change in the dermis layer of the skin that results io greaier
smoothness at the surface of the skip.

2. The method of clzim 1, wherein 3 step of inducing
formation of new conoective tissue Fuher comprises =levat-
ing the temperature of the dermis layer.

3. The method af claim 1, wherein the step of applving ag
acoustic pulse further includes applying a focused ulirs-
sound beam for a ume sufficjent o cause proteios in the
dérmis laver 10 denamure,

4. The method of clzim L wherein the step of applying an
tcoustic pulss further comprises applying a power level in
the range of approximately 500 Wiem= o 1500 WiemS
within 2 target region of the dermis.

3. The method of claim 1, wherein the step of applying an
acoustic pulse 1o a dermis layer further comprises focusing
2 ultrasound bezm at a depth below the epidermis in = range
berwecn approximaicly 3 microns and 3 millimelers.

6. The method of claim 1, wherein the slep of inducing
formation of new connective tissue further COMmprises induc-
ing cavitation in the dermis layer.

7. The method of claim 1, wherein a step of inducing

formation of new coppective tissue further COMDISES [l

taling the dermis layer without adversely damaring the
epidermis layer.

8. The method of claim 1, whersin the region of skin
ncludes a wrinkle and 1he method further comprises the siep
of scanning the focused ultrasound beam over ag sres
occupied by the wrninkle,

9. The method of clzim 8, wherein the siep of scapning
further comprises scanning the focused ulirasound beam
overan area of the skin that is approximaiely ten limes larper
\Fan am arca of the wrinkle.

10. The method of claim 1. further Comprising a siep of
caaling the region of skip at least one of before, during, or
alter the siep of spplving the acoustic pulse.

1. An-apparatus for rejuvenating skin, the apparatus
comprising:

an acoustic wave geperalor for iransmitling acoustic

waves o 2 demus region of skin in response o
signals from a driver; and

a conirol device consiructed and arranged 1o control the

generator 1o induce shock.waves In lhe dermis laver
and the formation of new conneclive tissue,

12. The apparatus of claim 11, wherein the conrol device
wontrols the ultrassund waves 1o clevate the temperatre 1o
& range and for 2 tme sufficient 10 cause proleins in the
dermis layer to denamure

13. The apparztus of claim 11, wherein the apparams
turther compnses an acoustic lens to focus the acoustic

&
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ENErSY al a depth below the cpidermis in a range belween
dpproximately 5 micrometers and 5 millimeters,

14. The appararus of claim [1. wherein the controi device
controls the acoustic waves (o bave ar leas| poe frequency
betwesn ipproximately en mepaheriz and one bundred
megaherrz,

_ 13 The apparatus of claim 11, wherein the apparatus
further comprising @ temperature sensor coupled o apd
providing a temperature signal o the conirol device._

6. The apparatus of claim 11, Further COmprising ao
2couslic receiver, coupled 1o at least one of the sconstc
wave generator and the control device.

17. The apparaius of cisim 11, [urther COMPrising 2
cooling device thar coals the iemperatire of the epidermis
layer.

18, The apparatus of claim 11. wherein the control device
controls the acoustic waves o apply a power level io ke
range of approximarely 300 Wiem™ 10 1500 WiemS within 2
large! mgion of the dermis.

19. The apparamus of claim 11, wherein the control device
contrels the acoustic waves (o derations ranging from abowt
10 nanoseconds 16 sbout 200 microseconds,

20. An apperatus for rejuvenating skin, the apparatus
comprising:

0 acoustic wave zeacrztor for delivering acoustic wave
€NErgy into a dermis layer of of skin: and

o controller for drivinp the acoustic wave generalor W
deliver pulsed acoustic wave energy al a sufficient
amplilude and frequency 10 induce 1 shock wave vpe
response in the dermis layer,

21. The apparstus of claim 20, wherein the controller
includes circuitry to drive the wave Eenerator 1o deliver
pulsed scoustic wave energy having at least one frequency
between approximately 1sn megshentz and one hundred
megahertz to induce 2 shock wawve lype response o the
dermis layer.

22. An apparatus for rejuvenanung skin, the apparajus
COMprising:

in scoustic wave generator for delivering acoustic wave
ENergy into a dermis laver of & region of skin: agd

a coniroller for driving the acoustic wave EENErAlor 10
deliver puised 2constic wave energy, the pulses rangne
from about 10 nansscconds 1o sbout 200 microseconds
in duration, cach pulse delivering energy in the range of
about 500 Wiem™ 10 zhout 1500 Wiem® at 2 targe! site
in the dermis laver to induce a shock wave type
response in the dermis layer.

23, An apparatus for rejuvenzting skin, the apparstus

comprising:

an acoustic wave generaior for delivering acoustic wave
SREMZY 10 2 dermis layer of skin;

1 controller for drving the acoustic wave generator 1o
deliver pulsed acoustic wave energy a1 a2 suffcient
amplitude and frequency 1o induce 1 shock wave vpe
response in the dermis laver; and

& linear focusing element for focusing the acoustic enerey
into a line Such that 2n clongated region of the dermis
laver is exposed to the acoustic wave energy

24. The apparatus of cizim 23 wherein the dcousic wave
LemEralor comprises 3t jeast one wltrasound transducer and
the focusing element comprises an elongated surface of the
transducer,

25. The apparatus of claim 23 wherein the acoustic wave
g2nerlor comprises at least on ultrmsound transducer and

* ihe [ocusing element comprises at least ooe cylindrcal lens.

26. The apparstus of claim 23, wherein the focusing
clement focuses the wlirssound energy in 2 region ata depth
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below the epidermis m 2 range berween: gpproxmsizly 3
microns and 3 millimeters

27. An aspparatus for rejuvenating skin. the apparamus
COmprising:

an doousie wove generzior for deliverning acoushic wave
coerey |ie o dermis.ayer of skin;

2 conteoller for doving the - acoustic wave genersior 1o
deliver pulsed acouslic 'wave epdrgy 4L 2 sufficiemt
amplitude 2nd frequency 10 induce a shock wave Ivpe
response o the dermis [ayer; and

z focusing element fior focusing the dcoustic ensrgy it
the dermis layer. the focusing element having & pumen-
cal aperture rzoging from zbout L1 1o sbour 0.95.

28. The apperams of claim 27, wherein the controller
drives the acousiic wave generator to deliver pulsed acousnc
wave ¢perzy al sufficient eperey 1o clevale the tempsrature
of a region within the dermis laver, preferably, 1o a range
between approximately 277 Coaod 737 C,

3%. The apparztus of claim 28, wherein the comrollzr
contrals lhe ulirzsound waves 1o elevate a lemperamre of the
dermis layer, preferably. 10 a2 range berween approximately
53%C. and 637 C '

30, An apparatus for rejuvenzting skin, the apparams
COMPrising:

an aconstie wave pepesztor for delivering acovstic wave
energy 0o 3 dermis faver of skin;

t linear focusing element for focusing the acoustic snerpy
into » line such that 2o slongated repion of the dermis
layer 15 exposed 10 the scoustic wave energy io induce
4.shock wave 1ype response in the dermis layer and

¢ scannes for scanning the line through ao ares within the
dermis layver

31. Anp apparatie for rejuvenating skin, the apparams
Comprising:

g0 peoustic wave generztor for delivenng scoustic wave
energy into 3 demmis laver of of skin; and

r-controlier for driving the scoustic wave generator 1o
deliver pulsed acoustic wave epergy at sufficient ampli-
tude to induce 2 shock wave response io the dermis
laver: and

a2t least one feedback seasor for senzing the sffect of the
delivered energy and providing a signal o tbe control-
ler.

1
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32. The apparames of claim 31 wherein' the feedhack
SE0SOF COMPrisas 2 lemperature sensor coupled 1o and pro-
viding & lemperaiure signzl o the controllsn

33, The apparames of clam 31, wherein the feedback
Sensor comprises an ultrzspund receiver, coupled o the
ultrasound transducer, 3nd 2 signal analvaer thal processes a
signal received by the ubmzsound recepver o provide =
feedback signal 1o the comiroller

34, The zpparatus of clamm 31, wherein the fecdback
sznsor comprises an eleardcs] conductivily sensor coupled
to sod providing to 1he cootrel device o measure of electrical
conductiviy o the area of skin where ulrasound enercv 15
being applied.

35, The apparatus of claim 31. wherein the feedback
s=ns07 comprsss 20 audio sensor coupled 1o and providing
o the control device an audio signal of rhe area of sion
whers ullrasound energy 15 beme 2pplied.

36. The apparatus of clamm 35, wheeein the audio sensor
is & broadband microphooe

37. The. apparatus of clam 31, further comprising 2
cooling device that conls the epidermis laver,

38 An apparanes for sejuvenating shin, the apparatus
COMPTiSing:

a Iransducer for delivermg zcoustic wave énergy mio &

dermis layer of skin; and

an acouwstical wavepnide disposed ar a-surface of the

trapsducer; the waveguide having a ihickness tha
defines a depth focus of the whirasound enecgy in The
skin, wherein ihe waveguide is Rerther arranged 1o
zpply ullrasound shock waves along a longiludinally
extended area.

39. The apparatus of claim 38 wherein the waveguids
further compnses 2 evlindrical acoustic lens for applying the
ulrasound waves zlong the lonmmudinally extended area

40. The apparatus of cizim 38, whergin the wavesuide
further compnses an acovsiically wansparent plate for dis-
posilion over the area of sidn 1o be treated 50 25 (o delimic

, ihe area 0 be treated.

41. The apparatis of clzim 38, wherein. the waveruide
further comprises an ‘scoustic focusing lens bas 3 numernical
aperiure ranging from shout L1 o abour 0.95.
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(24)  Device for non-invasive treatment of biological tissue

(57) The present invention relates to a device for
ron-invasiva treatment of biclogical tssue, whergby the
reatment aim at changing or degenerating said tissue
This device has a treatment ransducer (2) comprising
&t l=ast one ultrasonic fransducer (3 and/or 4) which s
provided to treat intervertebral discs (1), preferably
nuclsus pulposus (1), by means of ultrasound,
whareby the ultrasonic field of the ultrasonic transducer
(2 and/er 4) is focused in said ntervertebral disc (1),
preferably in nucleus pulposus (1a), for heating the tis-
sus therein, to such temperatures that the tissue in ths
focal area (5) degenerates. whereby the prassure in the
imervertebral disc (1) and thus, the pressure against ths
spinzal cord (B) is reducad.
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Description

The present invention relstes fo 2 davice for non-
imasive freaiment of biclogical tissus, whereby ths
treatment 2im at changing or degsnerafing said tissus

The lifetime prevalence of scistics is 40 percent and
1-2 parcent of the populaton will develog nerve com-
pression by 8 lumbar disc nermiation requiring invasive
{=rgizal) rastment i=nslly moiring the faurth and fifih
decades of fife. Surgical removal of discal hernia, dis-
cectomy, has been performed for almos] saveén dec-
zdes. The disgnostic Drocedures going  from
myelography using oil to nonionic contrastmedia over 1o
computerized tomography (CT) and magnetic reso-
mance imaging (MRI) has l=d 1o 2 rapid increase of the
numder of spinal opearations Based on diversity of surgi-
cal procegures.

There are four necessary orereguisies for interven-
tion of disc herniation: &/ funchionslly incapacitating pain
in ihe leg extending below the knee with 2 nerve root
distribution, b/ narve root tansion signs with or withoLn
neurzlogical abnormalities, of fzilures of dinical irorove-
ment affar four to eight weeks, d/ dizgnostic canfirma-
tion (e.g. through imaging study).

The introduction of non-surgical or minimal invasive
surgical procedures started 1364 witn chymopagpain
and chemonucleolysis which brought sbout tha e of
percuianeous freatment for hemigted discs. The clinical
success of chymapapain with good rasults in 80-75 per-
cant led to an extensive use. Unfortunataly, it had an
anaplyiaxis rate estimated 1o be about 1 percant. The
enzyma polymerizes the long chains of proteoglycans in
tha nuclzus pulposus with subssguent loss or watser
binding capacity. This causes reduction in the volums
and pressure of the nucleus and e herniated frag-
ment. eventually sxplaining the immediate relief of sciat-
icz in patiants fallowing chemanudegiysis. Most authors
agrae that refief of l2g pain after chymopapain i5 less
frequent than after surgery. Ssvaral new mathods using
percutEnacus iechmiguss nave evolved since 1878,
usng endoscopic equipment and recently also non-
sndoscopic technigue with an automated percutansous
suciion of fissue by means of a probe. Recently, laser
(electromagnetic) radialion crested by external stimula-
tion of 2 laser medium, has bean used, For directing the
laser radiation to the freatment arsa however, 3 probeis
required, i.e. the method is mvEsve.

All these methods are to = car@in exient invasive
(require surgical coerations) and problems such as disc
rsction and narve rootinjury ars encourderad although
less frequently than aiter open surgery.

The intervartebral diss 5 comparable to ather non-
vasculanized biplogical tssus i nas a central nuclzus
pulposus with a gelafinous character and a surrounding
siiffer anulus. The: matrix in he disc includes several
protems with diffsrent ates of wrn over and ensrgy
demand.

There is today no nor-invasive treaiment that will
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=fect the discin such & mannar that it will reduce its vol-
um2 and pressure in he nuceus and thereby oossioly
CirEnish a discal hermia.

Altempts {0 achieve tissus degenaration with high
intensiy focused witrasound (=IFU) have been going on
for several years in cancer research projects (Bush
1222, Billard 1990, Lal= 1280, Linke 1973, Sibille 1933).
The =dvami=ge of ultrasound as & generator of snargy,
mmparad tn &g slamromagnae fiakds, 5 that ltea-
sound is @ non-invasive method 1o genéarate fissus heat-
ing at depths, Focusing of fhe uitresound and placing
the fcus nside the tissus 10 be reated, makes the
hesting effect to develop st the desirad location instead
of at the skin and the tissue in baween (L=le 19800, #
ine transducer surface is sphernical, the transducer has
a fixed fogus (Lele 1980). i is giso nossible to achisve a
flexible focus Dy means of phassd array (Diederich
1221, Ebbini 1988, Ebkini 1251 and Holmeér 1587),

Prior art also inciudes 2 numrber of patent speciics-
figns refating to methods and devices wherein ultra-
sound is utiized for various therapsutic purposes
without any type of surgical oparations on the pafiant,
One such patent specification is US-A-5 435 311 relat-
ng o an "ultrasound fherapeutic system™ for treatment
of 0. mahgnant tumpurs or various typas of calculi
such as gallstone, kidney stone. etc.. The device of US-
A-4 78T 354 relating to an “witrasound therapy appars-
tus”, has & similar purposs.

Ciher deviges and methods ulilizing ultrasound for
= corresponding therapewdc purpose, are described in
=g LS-A-5327 884 and US-A-5 507 655.

Similar tissue degensration 25 with ultrasound can
also be made with other methods, such as percutans-
ous Izser discectomy and percutanecus radio-fre-
quancy coagulation by means of cauterizing
instruments (Buchak 1992, Troussier 1925), but these
methods are invasive.

The abject of the resent invention has been to pro-
vide & device for non-invasive restment of back prob-
lam=s This s armved st according to the invention by
provding the initially definsd devics with the charactier-
zing features of daim 1

By providing the device with said characterizing
teatures, it is possible to tresf intervertshral discs, praf-
erably nucleus pulposis, in 2 lenient manner, i.e. with-
out degenerating tissue ouisds the intervertebral disc
and this reatment can be camied through nen-nva-
sivaly, which means that one does not have toinsert for-
=ign objects into the body and obviates theraby the risks
and sdditional costs this might incur.

The imvertion will be further describad below with
referznce 1o the accompanying orawings, in which

fig. 1 schematically illusirates 3 device according 1o
e invention during westment of 2n interverizbral
gisc, whereby a frestment t=bie is shown in cross-
s=cion;

fiz. 2 illustrates an enlzrgsd part of the device of fig
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fig. 3 schemafically llusTates a treatment trans-
ducer forming part of the device of fig. 1 and is
ultrasonic field during freatment of the intarverte-
bral disc:

fig. 4 is a flow chart according to which the wreat-
ment of the intervertebral disg is carried through by
means of the device according to the invention; and
fig. 5 is a picture of an intervertebral disc treateg
with the device according to the invention,

Thedevice illustrated in the drawings is imended for
reatment of biological tissues in the form of interverts-
oral discs 1, preferably nudeus pulposus 1a. For this
purpose, the device compises & treatment transducer 2
which includes two uitrascnic fransducers 3 and 4 (so
called therapeutic transducers). These are arranged 1o
each transmit an ultrasonic fisld 3a and 4a respectively,
such that these meet 1o define 2 focal area 5. During
treatment, said focal area 5 is located in the interverte-
bral disc 1, preferably nucleus pulposus 1a. to be
treated for heating the tissue therein to such tempara-
turg that the tissue in the focal area 5 degenerates,
wherzhy the pressure n the intervertebral disc 1 and
thus, the pressure against the spinal cord 6, is reduced.

The ultrasome fransducers 3, 4 are provided o
transmit ultrasonic figlds 32, 4a which to not heat biclog-
ical tissue outside the focal area such that it degener-
ates. By using at lsast two uifrasonic fransducers 2, 4,
the wirasound effect is distributed over larger areas and
thersfore, a lower power per fransducer can be useo.
This results in that eventual heat increases in the skin
are minimized for the power o be put in the interverte-
bral disc 1.

The power and freguency of the ultrasonic fields 3a,
43, the tarmperature of the tissus in the focal area Sand
the transmitting ime of the ultrasonic fields 3a, 4a may
vary depending on vanous taciors, but the freguency
should lie within the range of 0.5 - 2,5 MHz, the temper-
ature of the tissus in the focal area within the range of
43-80°C and the total ransmitting time of the ultrasonic
fields 3a, 4a within the imterval of 5-60 minutes.

The ultrasonic transducers 3, 4 can be armangsd to
transmit ultrasonic fields 3a. 43, the focal area 5 o
which is adaptable relative to the space M between ths
end plates 7, 8 surrcunded by the vertebrae 9, 10 and
which surround the imervertebral disc 1, such that said
focal area 5 can lie betwesn the end plates 7, B without
hasting therect to issue-degensrating temperaturss.

A focal area 5 with such adapted extension can be
cbtained by providing the uftrasonic transducers 3 and &
respactively, with means 11, preferably in the form of
transducer elemeants with concave spherical transducer
surface. Herehy, a larger or better focussing is achieved
and the focal ares 5 can be given a substantially planar
extension, as Is shown in fig. 3.

The ultrasonic tansducers 3, 4 may also nclude
meaans 12 for, it reguirsd, displacing the tocal ares 5,
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adapted prelerably as mentioned to the space M
betwezen the end plates 7, 8. to the imtervertebral disc 1,
preferably nucleus pulposus 1a. These means 12 can
be transducer elements of the pnased array type.

For being able to locate to focal area 5 in the
intervertebral disc 1. preferably nucleus pulposus 1a. it
may sometimes - depanding on the relative positions of
the ultrasenic transducers 3. 4 and the intervertabral
dis¢ 1 - be advaniageous or necessary to shrink or
raduce the extention of ore or both the ultrasonic figlds
3a, 4a for avoiding heating of tissus outside the imterver-
tebral dise 1 which may not be heated to tissue-degen-
eraiing temperatures. This can be achieved while the
ultrasonic transducers 3, £ nave a plurality of means 12,
preferably said transducers of phased array type, which
mamertarily can be deactivated or put out of operation
for reducing the extension of the ultrasonic field 3a
and/or 4a.

The ultrasonic transducers 3, 4 can preferably be
located relative 1o the imervertebral disc 1 so that they
transmit ultrasonic fields 3a and 4a which together
dsfing a focal area 5 with & substantally planar exten-
sion and which are situsted substantially in parallel with
and in a plane P wherain the intervertebral disc 1 s
located.

The ultrasonic transducers 3, 4 can be arrangead o
fransmit ulirasonic fislds 3a, 4z with a focal area 5 the
etension of which can be varied for adaptation to the
size of the intervertebral disc 1 and/or nucleus pulposus
1a

A diagnostic device 12 may include at least one
uitrasonic transducer 14 which is provided, prior to the
ultrasound treatment. 1 transmit an ultrasonic field 14=
for registrering the location of the intervertebral disc 1
The position of the ultrasonic transducers 3, 4 relative to
the ultrascnic transducar 14 zre alzo lmown and in this
way, their positions relafive to the imervertebral disc 1
c2n be determined, The ultrasonic transducers 3, 4 can
be amanged 10 be controlled depending on information
registered in the diagnostc davice 13 regarding the cur-
rent position of the imervertebral disc 1, prefersbly
nucleus pulposus 13, so et the focal arsa 5 is moved
to coincide with the interveriebral disc 1, preferably
nucleus pulposus 1&. The positions of the ultrasomc
fransducers 3, 4 can e.g. be conirolled by changing their
positions relative to their attachments. The confrol can
be determined by a computer.

Said control of the ultrasonic transducers 3, 4 can
be camied through by mesans of 3 control devica 15
ether automatically or by & surgecn marking on a
screen (not shown) a pointfan area in nucleus pulposus
1a in which the focal area 5 1= desired. A compurter (not
shown) can determine the necessary parameaters in the
uHrasonic transducers 3, 4 such that the focal area 5
Decomes Cormect.

A reading device 18 can be provided for regisisnng
displacements of the interveriebral disc 1 refative 1o me
uitrasonic transducers 3 and 4 which occur when ne



patiart moves during trestmert. A seiing cevice 17 can
be provided to automatically control the ultrasonic trans-
Sucers 3, 4 to set sa that the iocal area 5 again will liz in
tha imervertedral disc 1, prefersbly nucleus pulposus
12, after sad displacemeant

There might also be 2 non-nvasive temperature-
sunarvising device 18 for supenvizing the temperature in
the intarvertebral disc 1 during trsatment. This temper-
=Urs-supervising device 18 may cooperate with 5 onn.
trol unit 19 which is provided to conirol the ultrasonic
tramsducers 3. 4 such that undesired temperature
changes in the intarvertabral disc 1 are pravented dur-
ing treatment.

The temperafure-supsrvising device 18 may coop-
erate with the ultrasonic transducer 14 of the disanostic
device 13 for supervising or monitoring the temperaturs
inthe intervertebral disc 1 by means of ultrasound.

The ultrasonic fransducers 3, 4 are preferably
armangad obliquely behind the spine on opposite sides
of the spinal cord 6. so that they can transmit thair uttra-
sonic figkds 3a, 43 in 2 direction beside said spinal cord
£ on opposita sides thersof and sc that they mest in
front thereof in order in together defme the focal area 5
in ihe imerveriebral disc 1, preferably nucleus pulposus

Curing treatment, 2 treatment t2bis 20 can be used,
wnich Nas a support surfiace 21 for the patient 22. This
suopart surface 21 can be curved or settable info =
curved snape such that the space M batwesn the verte-
brae 9, 10 &t the imerveriebesl disc 1 to be treated,
increzases whean the patient 22 resis with his or her back
2gainst said support surface 21

The ulfrasonic: trarsducers 3. 4 and 14 can be
maurntad on a framea 23, whereby the mutual positions
of said transducers 3, 4 and 14 can be known. Said
frame 22 with fhe fransducers 3, 4 and 14 is preferably
dizplaceable relative to the frastment able 20 and the
oatier 22 for setting the transcucers 3, 4 and 14 ralative
10 an irmervartebral disc 7, oreferably nucleus pulposus
1a, to be weated, in a patiemt 22 on the treatment takle
20

To avoid disturbances of the ultrasonic figlds 3a, 4=
transmitted by said tfransducers 3, £ and 14, 3 gasvoid
liguid in a liquid contsiner 24 can be localed between
the transducers and the adiscent skin of the patient 22

Air between the fransducsrs 3, 4 and 14, the liguid
comtainer 24 and adjacent skin can for the same pur-
pose be removed by localing & gsl 25 schematically

tad with Droken lines.
Treatment Dy means of the davice described above
iz shown in the flow chart of fig. 4, whereby the diagno-
sis is already made, i.e it is slready determined which
intervertebral dise 1 should ba frastad.

By means of the "ultrasound piciure” obtained from
the diagnostic device 13, the frame 23 and the patient
22 and eventually the ultrasomic transducers 3, 4 ara oni-
enied separately so that the angle of incidence of the
therapeutic transducers 3, 4 is correct Hersby, i s
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achiaved that the ultrazonic fislds 32, 4a of the ultra-
somic fransducers 3, 4 lie i the same plans P as the
imtarvertebral disc 1 to be reated, and so that the ther-
apeutic transducers 2, £ ars directed lowards the
patient 22 from behind. Onthe sbovementioned screen,
& paint in e nucleus pulposus 13 Is marked in which
the focal area 5 (a so calied movabis focus which is dis-
pizced by means of the abovementionad means 120 for
the therapeutic fansducsrs 3. 4 shall be |ocated, A
computer then establish the requirements for the vari-
ous ransducer elements in the therspeutic transducars
3, 4. Eventually, adjacent bones can be marked as
zones which the ultrazonic fields 32, 43 are not aliowad
to reach.

Said computer may g deactivats the transducer
slements which are closest and reduces thereby the
size of the ulirasonic field 22 or 42 in question. This
reduciion of the ultrasonic fisld 32 andfor 4a can be
compansafed with a longer fraatment tme and/or treas-
ment effigct. The "fixed focus™ mentioned in e flow
char is the focal area obtained by means of the abave-
mantonad means 11

it should also be menticnad that instesd of ultra-
sonic fransducers, other therapeutic andior diagnostic
francducers, fransmitters or applicators, =.4q. transduc-
=rs or ransmitters of elecromagnatic radiation, can be
used in the device describad sbove.

Drugs can be used in connection with and/or atter
tresiment with the abowsmentioned device, namaly
pressurs reducingdvolume decreasing drugs, e.g. ster-
oids or corticen™, and/or dehydrating drugs, e.g. irpu-
gan™, and/or antiinflammatory drugs, s.g. voltaren™

2y means of the pressurs regucingivoluma
decreasing drugs, it = pessible, in conneclion with
andfor after treatment with ufiresound, o improve the
oressurs reduction/volume decrease in nucleus pulpo-
sus obtained thereby.

8y means of the dehydrating drugs, it is possible o
mpriovia tha removal of fiuid from the regtment area in
connection with and/or attar wastment with ultrasound

8y means of said antiinflarmmatory drugs, it is pos-
sibi= to oppose inflammations in the treatment area n
cennection with and/or after tesiment with ultrasoung

The invertion is not imited to the device described
zbave and illustrated in the drewings, but may vary
within the scope of the following clgims, Thus, the
device may include mare than one frastment iransducer
2, there may be one, two or ancther suiiable number of
virasonic transducers and the dizgnostic device 13 can
operate with somathing slse than ultrasound,

instead of the patiert 22 lying on his back on a
traztment izble 20, whareby the reaiment equipmert =
situated beneath his or her back, the patient 22 and
freztment eguipment can be positioned otherwise
Trus, tha patient 22 can e.g. be lying on Nis or her face
znd the treatment equipment be mounted on an arm
permiitting Iocation thersof in 2 treameant position
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Ciaims

1.

Device for non-invasive treatmernt of biological fs-
sue, whereby the restment aim at changing or
degenerating said tissue,

characterized in

L=}

in

i
L5

that a treatment transducer (2) comprises at
least one ulrasomic transducer (3 andfor &)
which is provided to trast mtervertebral discs
(1}, preferably nucleus pulposus (1a), by
means of ultrasound,

whereby the ultrasomc field of the ultrascnic
transducer (3 andfor 4) 13 focused In sad
intervertebral disc (1), preferably in nucleus
pulposus (1a), for heating the tissue therein o
such temperaures that the tissue in the focal
area (5) degenerates, whereby the pressurs m
the intervertebral dise (1) and thus, the pres-
sura against the spinal cord (6], i reduced.

Device according fo daim 1, characterized in that
the ultrasonic transducer (3 and/or 4) of the trest-
mart transducer (2) is provided to fransmit an ultra-
sonic field (3a andior £a) which does not heat
biclogical tissue outside the focal area (5) such that
it degenerates.

Device according to ciaim 1 or 2, characterized in
that the ultrasonic transducer (3 andior 4) of the
treatment transducer (2} iz provided to transmit
ultrasonic waves having a frequency of 05 - 25
MHz.

Dievice according 1o any praceding claim, charac-
terized in that the ulirasonic transducers {3 andior
4) of the treaiment transducer (2) is provided o
transmit an ultrasonic field (32 and/or 4a) which in
the focal area (5) heats e tissue to a temperature
of 45-80°C.

Device according to any preceding claim, charac-
terized in that the ufrasonic ransducer (3 and/or
4) of the freatment transducer (2) is provided to
tfransmit an ulirasonic field (32 and/or 4a) which in
the focal area (5) heats the tssue for a ume panod
of 5-60 minutes per restment

Device according to any preceding claim, charac-
terized in that the ulirasonic transducer (3 andior
4} of the treatment transducer (2} is provided to
transmit an ultrasomic field (3a and/or 4a), the focal
area (5) of which has an sxtension which is adapta-
bie relative to the space (M) batween and plates (7,
8} ot the vertebras (9, 10) surrounding the interver-
tebral disc (1) such that sad focal area (3] can e
betwesn said end plates (7, 8) without heatng
thereof o tissue-degenarating temperatures.

Device according to claim 8. characterized in

that the ultrasonic transducer (3 andfor 4] of
the treatment transducer (2) has means (11)
for transmitting an ultraseonic fisld (32 andfor
4a) the focal area (5) of which has an extension
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which is adaptable 1o said soace (M) betwszn
the-end plates {7, 8),and

that the uiiresenic transducer (3 andfor 4) o
the treatment transcuces (2] further includes
means (12} for displacing the focal area {5),
adapted preferably as menfionsd to the spacs
(M) between the end plziss (7, B), to the
intervertebral disc (1), preferably nucieus pul-
posus (1a).

Uevics according to caim 7, characterized in

that said means (11} in the trestmant trans-
duger (2) for transmining an ultrasonic figld (3a
and/or 4a) with = focal area (5) which is adapt-
able io the space (M) bstwesn the end plates
(7. 8), includes transducer slemenis having
concave spherical transcucer surfaces, and

that said means (12) in the ultrasonic trans-
ducar (3 andfor 4) of the treastment ransducer
i2) for displacing the focsl area (5), includes
transducer elemarts of the phasad array fyos.

Davice according to any precading ciaim, charac-
terized in that the ultrasonic fransducer (2 andior
4) of the reatment transducer (2) have 2 plurality of
maans (12), preferably transducers of the phased
array tyoe, of which one or more can be deaciivaied
or put out of operation for reducing the extension of
the ultrasenic field {3z andfor 4a) if required for pre-
venting said ultrasonic fisld from hesting biological
tissues outside the imervertsbral disg (1) to fissus-
d=gensarating tamperatisas

. Davice according to any preceding claim, charac-
terized in that the ultresonic ransducer (3 andfor
4) of the frestment fransducer (2) is located to
transmit an ultrasonic fisld (32 and/or 4a) with a
focal arsa (5) wih 2 substEntdzlly planar extansion
and which is situated substentially in parallel with
and in a plane (P) whersin the imsrvertabral disc
(1) is located.

. Device according to any preceding ¢laim, charac-
terized in that the ulirssonic transducer (3 andfor
4] of the reatment fransducer (2] is arranged io
transmit an ulirasonic fizgd (33 andlor 4a) with 2
focal area (5) the extension of which is varigble for
adaptation to the size of the imtervartabral disc (1)
andior nucleus pulposus (12).

Device accarding to any preceding claim.
characterized in

that & non-imeEsve temperature-supearvising
device (18) iz provided, preferably by means of
ultrasound, to supervise the temperature inthe
intervertebral disc (1) duning treatment, and

th
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hat & conwol untt is provided to eantrol the
ultrzsonic transducers (3 andfar 4) of the freat-
mient transducer (2) such that undesired tem-
peraiure changes in e imterverisbral disc (1)
ara pravented.

13. Device according to any preceding claim,

characterized in

that a diagnostic device {13) is provided for reg-
istering the locaton of the imtervertebral disc
(1), praterably nucleus sulposus (1a), relstve
to the ultrasonic ransducsr (3 and/for 4) of the
treatment transducer (2), and

that the ultrasonic transducer (3 andior 4) of
the treatment transducer (2} is arranged to be
controlled depending on information registered
in the diagnostic device (12) so that the focal
area (5) of its ultrasonic field {3z andlor 42) s
moved to coincide with the imtervertebral disc
(1), preterably nugleus pulposus (1a).

14. Devies according to claim 13. characterized in that

the diagnostic device (13) ncludas an ulfrasonic
u—ansdm:_ar (14} which transmits an ultrasonic fisld
for registering the Iocation of the interveriebral diss
(1), preferably nucleus pudpesues {1a), relative to the
trastmant transducer (2)

Device sccording to any preceding claim,
characterized in

that 2 reading device (18) is provided for regis-
tering displacemsents of the intarvertebral disc
{1} relative toc the ultrasonic trarsducer (3
and/er 4) of the restment ransducer (2) which
occur when fhe patent moves during trest-
mert, and

that 2 =etting device {17) is provided to control
the ultrasomc transducer (3 andfor 4) of the
treamment ransducer (2] to 52t 50 that the focal
araa (5) of the ulrasonic field (3a andior 4a)
will liz in the intzreerisbrs! disc (1), preferably
nucleus pulposus (1al, afler displacement
thereof,

Device according to =ny praceding claim, charac-
terized in that the treatment transducer (2) com-
priges a3t least two ulfresonic t=nsducers (3, £)
which sach fransmit 2n ultrasonic field (2a and 4=
respectivaly) which together define the focal ares
(5] wharain the fissue is neated o femperatures 3t
which it degenerates, and which sach separatsly
dosgs not have such high stfact that they degenerate
tissue outside the intervenebeal disc (1)

Device according to claim 15, characterized in that
fhe ultrasonic transducers (3, 4) forming part of the
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treatment transducer (2) are located during treat-
ment obligualy behind the sping on opposite sides
of the spinal cord (€}, so that they can transmit ther
ultrasonic fields (32, 4a) in a forward direction past
zaid spinal cord (B) on opposite sides thereof and
sa that they mest in front thereof in order io
togathar deting the focal area (3) in the imerverte-
oral disc (1), preterably nucisus pulposus (1a).

Device according to any preceding claim, charac-
terized in that a treatment t2bie (20) for use during
treatment of imtervenebral discs (1), profesably
nucleus pulposus (1a), has 2 support surface (21)
which Is curved or satizble into a curved shape
such that the space batwsen the veriebrae (8, 10)
at the intervertebral disc (1) o be treated, increases
when the patient {22) = supported by said support
surface (21).

Device according to any precading claim,
characterized in

that the ultrasomiz tansducers (3, 4) of the
treatmert fransducer (2) and a diagnostic
device {13) having an ultrasonic transducer
{14) are mounted on a frame (23) relative to &
treatment table (20), whereby the mutual posi-
tions between sad transducers (3, 4 and 14)
are known, and

that the frame (23) is displaceable relative to 2
patient (22) for sefting said transducers (3, 4
and 14) relative to an intervertsbral disc (1],
preferably nucleus pulposus (1a), of the patant
(22).

. Davice according to any preceding claim. charac-

terized in that the ufirasonic fransducers (3, 4) of
the treatment transducer (2] are separately control-
lable refative to their grachmeants.

Device according to any preceding claim, charac-
terized in that betwesn the ultrasonic transducers
(3, 4) of the treatment transducer (2) and an ultra-
sonic fransducer (14) in 2 diagnostic device (13) 23
well as adjacem skn of a patient (22 to be freated,
there is provided  gasvoid liquid in & liguid con-
tainer (24).

Device according to claim 21, charactarized in that
a gel (25) is provided for remaoving air between said
transducers (3. 4 and 14} and the liquid container
(24) as well a5 st adjacent skin

Device according to any preceding claim, charac-
terized in that other therapeutic and/or diagnostic
transducers, transmitters or applicators, 2.g. trans-
ducers or transmitters of electromagnetic radiation,
are used in the device insiead of the ulirasonic
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fransducers,

Use of pressure reducing/volume decreasing
drugs, e.g. steroids or cortison™, and/or dehydrat-
ing driigs, e.g. impugan™, andfor antiinflammatory
drugs, =.g. voltaren™, in cornection with and/or
after treatment of infervertebral discs with ulra-
soungd.

Use according io claim 24 of said drug or drugs in
connection with the Teatmert wiih ultrasound by
focusing an utrasonic fisdd m an intervertebral disc
(1), preferably in nucleus pulpasus (1a), for heating
the tissue therein to such temperatures that the tis-
sug in the focal area (5) degenerates, whereby the
pressure in the intervertebrzl disc (1) and thus, the
pressure against the spinal cord (6], is reduced,

Use of pressure reducing/volume decreasing
drugs, B.g. steroids or cortison™, andfor dehydrat-
ing drugs, a.g. impegan™, andfor antiinflammatory
drugs, a.g. wvoltzren™, in connection with and/or
after treatment of interverfebral discs with ultra-
sound by means of the device acconding to any of
claims 1-22.
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Fig. 4
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reatment taple

The parient, treatment table and frame ars =4 i while 3
supervised by diagnestic method, S0 that the Tixed focus lies
a= clese as possible to nocleus pulposus.

Tha desired temperaturs, in-
tensity and/or time ars sat

1

The surgeen marks, praferably on 2 scresn, =
point/srea in mucleus pulposus in which tho
focal ares is wented.

A computer calculates the time delavs for the va-
rious elements in the therapeutic transducers so
that the focal area is located correctl
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(54)  Device for non-invasive treatment of biological tissue

(57)  The present invention ralates to a device for
non-invasive treatment of biolegical tissue, whershy the
treatment aim at changing or degenerating said tissue.
This device has a treatmant fransducer {2) comprising
al least one ulrasonic transducer (3 and/or 4) which is
provided to freat intervertebral discs (1), preferably
nucleus pulposus (1a), by means ol uirasound,
whereby the ultrasonic field of the ulirasonic fransducer
(2 andfor 4) is focused in said intervertebral disc (1),
preferably in nudeus pulposus (1a), for heatmg the fis-
sue therain, to such temperatures that the tissue in the
focal area (S) degenerates. whershy the pressurs in the
imervertebral disc (1) and thus, the pressure againstthe
spinal cord (6) is reduced.
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